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MILITARY CURRICULUM MATERIALS 

The Tfdli tary-deve loped curriculum materials in this course 
package ware selected by the National Center- for Research "in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies . The purpose of 
disseminating these courses was to make oirriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting* 



, The course materials were acquired, evaluated by project . 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the raLlitary 
were deleted, copyrighted materials were either emitted or appro- 
val for their use was obtained. These course packages' contain 
curriculum resource materials which can be -adapted to support 
vocational instructioiKand curriculum development. 



The National Center 
Mission S tatement 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 



Installing educational programs and 
products 

Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 
The National Center for Research in Vocational 
Education 

( a The State University 

\ 4 1960 Kenn Y Road ' Columbus, Ohio 43210 

Telephone: 614/486-3655 or Toll Free 800/ 
848«481 5 within the continental U.S. 
(except Ohio) 
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Military 

Curriculum Materials 
Dissemination Is . . . 



t 

an activity Tc^increase the accessibility of 
" military-developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military ..curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject rftatter specialists, w and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff: 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.D. 
Project Director ' Q 




What Materials 
Are Available? 



^ 4... * _ 



One hundred twenty courses on microfiche 
^thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. ■ 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks apd technical 
manuals. V 

The 120 courses represent the following 
sixteen vocational subject areas: 
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Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 
Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



The numher of courses and the subject areas 
represented will Expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 
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Materials Be Obtained? 



Contact the Curriculum Coordination Center 
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you to an instructional materials agency 
closer to you. 
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IMPORTANT - 
STUDY THIS SHEET 

Ufa* UfiHH^ U» Uiiamu* 

Your cooperation in following those instruction* will 

—enable you to make the maximum rating commensurate with your ability 
—help us to process your lessons promptly and efficiently. 

• Scan the CHECKLIST OF TEXTS AND MATERIALS FURNISHED 
Scan the INTRODUCTION to the subcourse. 



-Beginning with Lesson 1, scan the LESSON ASSIGNMENT SHEET. It lists the 
suggestions' le "° n ° bjBCtlVe ' Credlt hour " texts required, and 

-When the word. STUDY TEXT follow the Lesson Assignment Sheet, the infor- 
mation you must digest is found in a text(s), memorandum, pamphlet, and/or 
other separate material(s), » r— ~r ». uu,w 

-When the words STUDY GUIDE AND ATTACHED MEMORANDUM follow the 
* ' Lesson Assignment Sheet, the information you mustSllgest is either 

» —found in texts and in this subcourse booklet, or * 

--found entirely in this booklet. 
-When you are referred to a paragraph or an Illustration In a manual, turn to the 
. specified paragraph at once and scan or study the text assignment a. directed. 
Continue this procedure until you reach the LESSON EXERCISE. 

--Study and answer each question. 

-CAUTION; Check to Inoure that all questions have been answered. 
—Your answers MUST be based on subcourse materials, NOT on your exoerlence 
or opinions. ^ ^ 

AiiUtt mU 

liT n q ?'I expl " ia ! lon or clarification of subcourse material, or questions, write 
t6 the U. S. Army Ordnance Center and School, ATTN: Department of Army Wide 
Training Support. Constructive comments are appreciated. 

Include NAME and SOCIAL SECURITY ACCOUNT NUMBER on all correspondence. 
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S" 

None 
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Print Pages: 
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Availability: 
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Type of Materials: - No. of Pages: 

Lesson 1 - Propeller Shaft Assemblies 29 

Lesson 2 - Introduction to Axle 

Assemblies 40 

Lesson 3 - Maintenance of Ax^.es 45 

Lesson 4 - Introduction to Suspension 

Systems Components 49 

Lesson 5 - Maintenance of Springs, Shock 

Absorbers, and Frames 34 

Lesson 6 - Maintenance of Tires and 

Wheels 58 

Exercise Response List * 29 



Average 

Completion Time: . 

2 Hours 



3 Hours 
3 Hours 



4 Hours 

3 Hours 

3 Hours 
3 Hours 



Supplementary Materials Required: 



None 




NATIONAL CENTER ~ 
RESEARCH IN VOCATIONAL EDUCATION 



10 



csu 

The Ohio State University 



1960 Kenny Road 
Columbur Ohio 43210 
(614) 486-3655 



Course Description: 

This course is one of several subcourses that make up the entire correspondence course 
on wheeled vehicle maintenance. The subecurse is designed to provide the student with 
information about the operation, malfunction diagnosis, maintenance, and the repair of 
wheeled vehicle drive lines, axles, and suspension systems. It provides the basic 
theory, and also includes on-the-job task assingments. 

The subcourse is divided into six lessons with objectives, task assignments, and 
'review exercises. 

Lesson 1 - Propeller Shaft Assemblies. Construction and operation of propeller 

shafts and universal joints; inspecting, testing, and repair of propeller shaft 
assemblies; and removal and replacement of assemblies and repair parts components. 

Lesson 2 - Introduction to Axle Assemblies. Construction, operation, and lubrication 
of axle assemblies; types and principles of axle shafts; and principles jf 
' 1 bevel gear differentials. 

Lesson 3 - Maintenance of Axles. Inspection, testing, and repair of axle assemblies; 
and removal and replacement of assemblies and repair parts components. 

Lesson 4 - Introduction to Suspension System Components. Construction and operation 
of springs^ shock absorbers, frames, and bogie suspension systems; construction 
of wheels and tires; and removal 'and installation of assemblies. 

Lesson 5 - Maintenance of Springs, Shock Absorbers, and Frames. Inspection, testing, 
and repair of leaf and coil springs, spring shackles and mountings, bogie 
assemblies, direct and indirect single acting and double acting shock absorbers, 
and conventional truck frames; and removal and replacement of repair parts 
components. 

Lesson 6 - Maintenance of Tires and Wheels. Inspection, testing, and repair of 
tires from snapring and drop-center type wheels. 

This subcourse is designed for student self-study ,^but could be effective in small 
group learning situations. Each lesson contains objectives, text, and review 
exercises. Answers for the exercises are provided after the final lesson, along 
with an examination and application task test. 
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iMl£RTANT: READ AND POST 

Change 1 to Exercise Response List 
28 January 1976 



Ordnance Subcourse 63B206 
Wheeled Vehicle Drive Lines, 
Axles, and Suspension Systems 
September 1975 



Page 2, Response Number 142 . Change to read: 
Para 2b 

Page 2, Response Number 154 . Change to read: 
Para 2d 

Page 2, Change to ie made . Add response number 164: 
164 Para 7c f 

Page 3, Response Number 200 . Change to read: 
Para 4b ^ 

Page 5, Response Number 256 . Change to read: 
Para 4f 

Page 5, Response Number 260 . Change to read: 
Para 6c 

Page 5, R esponse Number 273 » Change to read: 
Para 10 

Page 5.' Response Number 276 . Change to read: 

Para 4d 1 
Page 6, Response Number 307 . Change to read: 

Para 4b 

L 

Page 8, Response Number 363 . Change to read: 
Park 2d ( 

IMPORTANT: READ AND POST 

Page 1 of 2 



13 




IMPORTANT: READ AND POST 



Change 1 to Exercise Response* List (Continued) 
28 January 1976 



Ordnance Subcourse 63B206 
Wheeled Vehicle Drive Lines, 
Axles, and Suspension Systems 
September 1975 



> 



Page 9, Response Number 404 , Change to read: 



r 



Para 4a 



Page 12, Response Number 510 . Change to read: 



Para 4d 



Page 12 , Response Number 512 , Change to read: 

CORRECT, The special studs' are threaded on the mounting studs, while the * 
outer nuts are threaded on to the special studs. Remember, the special studs 
must be tight before the outer nuts are installed. 



Page 14, Response Number 591 » Change to read: 
Para 5b 

Page. 16, Response Number 643 , Change to read: 
Para 5b 

Page 16, Response Number 664 . Change to read: 
Para 2b 

Page 16, Response Number 666 , Change to r$ad: 
Para 4a 

Page 17, Response Number 682 , Change to read: 
Para 6c 



Page 12, Response Number 537 . 



Change to read: 



Para 4f 



IMPORTANT^ READ AND POST 



Page 2 of 2 




ERIC 



IMPORTANT: READ AND POST 

Lesson Change 1 * Ordnance Subcourse 63B206 

28 January 1976 ? Wheeled Vehicle Drive Lines, 

Axles, and Suspension Systems 
September 1975 

Lesson 1, Page 1-20, Question 14 , Change choice b to read: 

b» Roller or needle 
Lesson 4. Page '4-29 . Change to read: 

Change paragraph "e ff to "d". 
Lesson 6, Page 6-53, Question 119 . Change choice b to read: 

b. 9:00X16 

IMPORTANT; READ AND POST 
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LESSON EXERCISE QUESTIONS 



Instructions for use of the answer sheet: 

1 The procedure by which you will answer the exercise questions in this subcourse is probably 
niw to you. The information is presented in a programed instruction format where you immedi- 
ately know whether or not you have answered the questions correctly. If you have selected an 
incorrect answer, you will be directed to a portion of the study text that will provide you with 
additional information. 

2. To use this system proceed-as follows: 

a. Arrange this subcourse booklet and your answer sheet (on reverse side of response list 
cover) so that they are convenient. Each exercise question has three choices lettered a, b, and c. 
Your answer sheet ha^three groups of numbers for questions 1 through 200. The numbers 
indicated for each question represent the a, b, or c choices. 

b. Read the first exercise question and select the choice you think answers "'question 
correctly. Go to tM question 1 area of your answer sheet and circle the 3-digit number that 
corresponds with the choice you selected. 

c. After you have identified the Sdigit number, locate it in 

If you selected the right choice, the first word of the response will be CORRECT. This tells 
you that you have answered the question correctly. Read the rest of the response which tells 
why your choice was correct and then go to the next question. 

d If the word "CORRECT" is NOT the first word of the response, you have selected the 
wrong answer. Read the response and then turn to the area an your study text that is mentioned. ~ 
There you will find the information necessary for you to make another choice. Line out the 
incorrect 3 -digit response on your answer sheet. 

e. After you have reread the reference, select another answer and circle the 3-digit response 
for that choice. Again check the number of this second choice with the response list to see if your 
choice is now correct and to obtain more information about your choice. If your ^.^<™*« 

is still not correct, line out the 3-digit response or, the answer sheet nnd continue untd the correct 
answer is selected. When you have answered all of the questions m an exercise, count the number 
of lined out responses and see how well you did. 

f. You will notice that the lesson exercise question numbers continue consecutively from 
lesson to lesson. This allows you to use one answer sheet for the entire subcourse. 



IMPORTANT - Study these directions before going further* 
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I^tRECTIONS FOR THE STUDENT 

1. Congratulations. You are starting a new and different type of self- 
training subcourse called a correspondence/OJT subcourse. It is different 
from regular subcourses because it has tasks to be practiced on the job in 
addition to the usual lessons to be studied. This way, you can learn both 
the job skills and the job knowledge ^nd become completely qualified in the 
subcourse matter. 

Z. Of course, you miist be able to get to the equipment to practice 
these tasks. Some of you may not be able to do this. This is why you 
were asked to pick one of two options, or ways, that you wanted to take the 
subcourse. 

a. If you are enrolled in the correspondence only option, you 
will study the lessons but you will not practice the tasks on the equipment. 
This means you will learn only the job knowledge of the subcourse. You 
will have to practice the job tasks some time later when you can get to the 
equipment in order to learn the job skills. You will test yourself after 
each lesson by answering the lesson exercise questions using your answer 
sheet* Then you will be tested it -the end of the whole subcourse by taking 
the enclosed final examination. 

b. If you are enrolled in the correspondence/OJT option, you 
will do the whole subcourse. You will study all the lessons and practice 
all the tasks listed in each study text on the equipment. This way you will 
learn both the knowledge and the skills of the subcourse. Then you will be 

% completely qualified in the part of your military occupational specialty (MOSK 
that is Covered by this subdourse. .You will test yourself after each lesson 
by answering the lesson exercise questions using ypur answer sheet. And, 
"you will also take a subcourse multiple choice examination. However, in 
addition to these tests', you will tcLke an application task fest after finishing t 
the subcourse examination. This application task test will be sent to your 
unit .commander who will se6 that you are t&s£ed on the job t*sks. It is 
important that, you practice the tasks while you are^studying tlie lessons so 
that you will be ready for the task test when you/friish the subcourse. 

c. You can understand that it id krfportant to remember which of 
the two options you are* enrolled in because the work you must do and the 
tests you must take will depend upon your option. 



fe, j U subc0urse ia °™ of several subcourses that make up the entire 
enlisted MOS correspondence/OJT course. If you are enrolled in the entire 
course, you will take this and all the other subcourses in order. If you are 
not enrolled in the entire course, then you wiil only take this and f any other 
subcourses you asked for. Of course, you cannot become qualified in the 
complete MOS job unless you take the entire course. If you want to take the 
entire course later, you will be given credit for the subcourse(s) you have 
already passed. 

4. Please check this subcourse packet to make sure that you have the 
following things: 

a. A lesson booklet for each Jesson listed in the introduction of 

lesson 1. 



b. A lesson exercise response list and an answer sheet. 

c. A multiple choice subcourse examination. 

If any of these things are missing, please let us know right away. 

5. If you are enrolled in the entire enlisted MOS correspondence/OJT 
:ourse you must finish at least 60 credit hours or three subcourses each 
enrollment year. Your enrollment year begins the day you receive your 
first subcourse. If you are enrolled in certain subcourses only, you must 
finish each subcourse within 6 months after you receive it. However, you 
should finish each subcourse as quickly as you can so that you will qualify 
earlier for promotions. ' 

6. You must study the subcourse material starting with Jesson 1 and 
progress through the rest. Beginning with lesson 1, scan the lesson assign- 
ment sheet. It lists the lesson title, credit hours assigned to the lesson 
lesson objective, study assignment, and suggestions. 



a. 



Go through the lesson exactly as, you are told by the study 
assignment and the suggestions in the. lesson assignment.- Also follow any 
directions given throughout the study text. 



b. Read the lesson through once; reread and study any portion that 
you did not understand. After yoo are sure you understand the study material, 
answer the exercise questions at the end of the lesson. Then practice the 
job tasks on the equipment. 
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US ARMY ORDNANCE CENTER ^ND SCHOOL O 
CORRESPONDENCE/OJT COURSE 




ORDNANCE SUBCOURSE NUMBER 63B206 
WHEELED VEHICLE DRIVE LINES, AXLES, AND SUSPENSION SYSTEMS 

(19 Credit Hours) 

INTRODUCTION 

Automotive drive lines and suspension systems have changed quite a oit 
since the first automobile was built. At first, automobile axles were at- 
tached directly to the mayf frame of the vehicle. This caused many prob- 
lems. For example, the vehicle produced a very rough ride. The rigid 
construction did&ot work-well on rough ground because sometimes one of 
the wheels would not touch the ground. If the wheel not touching the ground 
was a drive wheel, the vehicle lost vraction and would stop. This problem 
proved. a need for a more flexible vehicle. K 

The problem was corrected by using springs between the axles and the 
frame. The early springs were the same type used on the horse-drawn 
buggy.' They allowed the wheels and axles to move up and down separate" 
from the body. The body moved very little when compared to the wheels 
and axles, and the ride was much smoother. 

Allowing the axles to move separate from the body also kep" the wheels 
on the ground over roHg&Wjads, but this started a new problem. .The old 
drive train between the engin>and the axle would not work. The train had 
to be made to move more. This was done by adding movable joints m the 
drive shaft known as universal joints. Some early vehicles used only one 
universal joint on the drive shaft, while later vehicles used two universal 
joints on the drive shaft. Drive shafts are now usualhr called, propeller 
shafts Some long wheel base trucks now use as many as four propeller 
shafts between the transmission and the drive^ixle. These propeller shafts 
are connected by universal joints. 
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Early automobiles were made un of a k^j 
geafr. The running gear was ma de up of the J' *, P ° W<?rplant ' and - inning 
shaft, and transmission. The raLrnilio ^ aXl6S ' Sprin 8 s ' drive 

between the engine and rear axil H ° ften m ° Unted mi dway 

rear axle by drive shafts * connected to the engine and the 

powerplant. In later vehicles the t^L* ■ ■ plus the 
engine and is, therefore, part 7£^%Z£ m geM '^ m °^ed on the 

The chassis of modern military tactical , 

spring, and axles, mus t be very ^ ! ' especiall y the frame, 

earn how this is possible in th7 s Z>ZZ ^ ^ 

lessons, an examination, and an applied * 

Lesson 1 Propeller Shaft Assemblies 

scope— Construction and ooeraHnn nf 

joints; inspecting TelTnT I ^ and Univer -1 

blies; andre m oval and ^lacL^^r' Pr ° PeUer *** ™ 
parts components. re - Dlac ement of assemblies and repair 

^Scooe 2 I r ntr ° dUCti0n t0 Assemblies 
scope— Construction, operation an,, i. u • 

types and principles of axl ^u^'" ^ ° f a3de ^semblies; 
differentials. ShaftS; and P«nciples of bevel gear 

- Lesson 3 Maintenance of Axles * 
Scope -^Inspection, testing, and renal r of , , 
. « "places o 8 , aJetXs a^S- - ~ 

and bogie „^£^.t!*' T° k abS " b "- *— * 
and removal and insuliaC'oi S2S " Wh " 15 "* 

^ Scoo! . MaiM «»»« 0£ Springs, Shock Absorbers and p 

Scope- Inspection, testing, and repair of leaf and . f " 

shackle, and mountings, boX assembli i- SP " ngS ' Sprin « 
angle acting and double acting t t ' Snd 

-ck frames; and JZ£X£3Z*'*'- "? «~—» 
ponents. placement of repair parts com- 

Le Sc°o n pe 6 I^ int r nCe ° f TireS and Whe ^ " 

Scope-Inspection, testing, and repair of tires tub. „ u 

dismounting of tires from snaprin* ' ^ Wheels; and ' 

Examination * * ' dr0p -" nter type wheels. 
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US ARMY ORDNANCE CENTER AND SCHOOL 10 
CORRESPONDENCE/OJT COURSE 




LESSON ASSIGNMENT SHE ET 

nrHr^nee Subcourse No 63B206 .. Wheeled Vehicle Drive Lines, Axles, 
' and Suspension Systems 

Lesson 1 Propeller Shaft Assemblies 

Credit Hours : Two 

Lesson Objective After studying this lesson you will be 

able to: 

1 # Describe the construction and 
operation of propeller shafts. 

v - 2. Describe the construction of 

universal joints. 

3 # Explain the operation of univer- 
sal joints. 

4 # State the tyjpes of universal 
joints. 

5. Describe the procedures for 
inspecting universal joints. 

6. Describe the procedures for re- 
placing the propellex shafts and 
universal joints of a 1/4-ton 
truck M151. 

7 # Describe the procedures for re- 
placing the propeller shafts and 
universal joints of a 2-1/2-ton, 
6x6 truck. 

Materials Required ALL STUDENTS. Answer sheet and 

' exercise response list* 

CORRESPONDENCE/OJT STUDENTS. 
See appendix B. 

Suggestions * efer to the Ulcerations while reading 

~~ the text. 
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STUDY TEXT 



SECTION I. PROPELLER SHAFTS 



t 1 ; a n, I f TR ^ UCTI °u N - ° n VeMcleS 6quipped ™ th a ******** case, power is 

£ ^J^^ 6 ' 8 transmission to the transfer case onto 
the axle assemblies by propeller shafts. 

a A propeller shaft may also be called a drive shaft. However 
•prope l er shaft" is the more common name and some repairmen shorten 

I n i " UStrati - Sh °- the Power transmission system, 

ncluding the propeller shafts in one type of wheeled vehicle. Notice that 

£om ZT T are U86d t0 dTiVe * e Vehicle ' °- traaam its torque 

from *t ranS r SS1 ° n t0 thG transfer case ' °* e deUvers rotary motion 

Z12?Z 5 J • t0 " ar diffsrential . the o*er deHvers 

torque to the front differential. 




Dr J' U :/ ehicle has more & an two sets of driving wheels, more 

s^own in r t^^^ 8 a " reqUlr ? 40 d " Ve them * ° ne Wa ^ this can be ^ne is 
shown in the accompanying figure. 
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2. CONSTRUCTION AND OPERATION. Propeller shafts are made in 
many different sizes, shapes, and strengths, depending on the needs of the 
different types of vehicles. One end of the shaft is built to house a universal 
joint. The other end is usually splined'to a slip joint. The shaft's may be 
made of solid steel or may be hollow (tubular). A hollow propeller shaft 
is usually preferred. 

a. The twisting force (torque) applied to one end of a shaft is trans- 
mitted through the shaft to its opposite end. Tne strain (stress) created 
within the shaft ranges from a minimum at the shaft's rotational center 
(axis) to a maximum at its outside surface- Since the center part of a shaft 
carries only a small portion of the load, tubular (hollow) propeller shafts 
are used whenever possible. A solid / shaft is stronger than a tubular shaft 
of the same thickness (diameter). A tubular shaft, however, is much 
stronger than a^olid shaft of the same weight and length. 



OUTSIOE 
MAXIMUM 
STRESS 




b. The power transmission system must be flexible in order to use 
springs in the vehicle's suspension system. Increasing or decreasing a 
vehicle's load or driving it on a rough road causes the springs to flex up 
and down. As the springs flex, the axle assemblies move backward and 
forward and up and down. This causes the angles and distances between 
the axle assemblies and the transfer case to constantly change. Slip joints 
and universal joints installed on propeller shafts provide the flexibility to 
permit these changes in the power transmission system. 



1-3 



25 



9 

ERIC 



/3 



c A slip joint, installed at one end of the propeller shaft, allows the 
propeller shaft to lengthen or shorten. This provides the flexibility needed 
when the position of the axle changes. A typical slip joint has a male and 
female spline. It usually contains a lubrication fitting and an oil seal. The 
male spline is a part of the propeller shaft and the female spline is fixed to 
a universal joint. The slip joint is located at the power input end of a 
propeller shaft, which is the end nearest the transmission. It allows length- 
wise freedom of movement of the propeller shaft, and at the same time it is 
able to transmit rotary motion. 
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SECTION II. UNIVERSAL JOINTS 

3. CONSTRUCTION AND OPERATION. . A universal joint is a flexible 
coupling between two shafts that 
permits one shaft to- drive another 
at £n angle. It is flexible in the 
sense that it will transmit power 
while the angle between the shafts 
is constantly changing. A simple 
universal joint consists of three 
basic parts: a journal and two 
yokes. The two yokes are set 
crosswise (at right angles) to 
each other and their open ends 
are joined by the journal. This 
construction permits each yoke to turn (pivot) on the journal while trans- 
mitting rotary motion from one ypke to the other. 




/ 

/ 
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a* An odd feature of the operation of a simple conventional universal 
joint causes some problems in its use. It causes the driven shaft to speed 
up and slow down twice during each turn with respect to4he driving shaft. 
The amount of change (fluctuation) in speed depends on the amount of the 
angle between the two shafts. As the angle between the driving and driven 
shaft is increased, the speed changes will increase. When the shafts are 
at a 300° angle, the fluctuation in speed is about 30 percent of the driving 
speed. Notice that the driving shaft speed fluctuates from about 850 to 
1, 150 RPM. If these speed fluctuations are transmitted to the axle assem- 
blies, stress will be placed on power train parts. In addition, a fluctuating 
force will be applied to the driving wheels. 
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b. Speed fluctuations cannot be eliminated with a simple universal 
joint, but the effect can be reduced by using two joints (one at each end of 
the shaft). Fluctuations created by one joint will be canceled out by the 
other. However, certain conditions must be met before cancellation of 
fluctuations will take place. The angle between the transmission output 
shaft and the propeller shaft must be the same as the angle between the 
propeller shaft and the axle assembly input shaft. In addition, the two 
yokes on the propeller shaft must be alined with each other. With this 
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arrangement, one joint is turning at its greatest speed while the second 
joint is turning at its slowest speed. This results in an almost constant 
output speed to the driving wheels for a given input engine speed. The 
speed of the propeller shaft between the two joirfts, however, still fluctuates. 



TRANSMISSION 




AXLE INPUT SHAFT 



4. TYPES. In a universal joint, bearings! are included at the four points 
where the journal is attached to the yokes. There are several different 
kinds of journal-type universal joints. The main differences between the 
- different kinds is the way in which the bearings are attached to the yokes. 

a. Consider the universal joint shown in this figure. The journal is 
m placed in the slip yoke, and the bearing assemblies" are inserted from the 
outside and secured by spring retainers ^also called snaprings) inside the 
yoke. The bearings on the other ends of the journal are secured to the 
flange yoke by clamps and clamp bolts. 
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b. The universal joint shown here differs in the way it is attached to 
the flange yoke. In this joint, two of the bearing assemblies are contained 
in bearing blocks. The blocks are mounted against the flange yoke and 
secured with bolts that extend through the flange and bearing blocks. 



ftOLT HANGC YOKC 




4^ 
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c. Two more journal -type universal joints are shown in this figure. 
In both of these joints the journal (spider) is placed in the yoke and the 
bearing assemblies are inserted from the outside. In the first joint the 
bearings are secured by lugs, locking straps, and bolts. Retaining rings, 
installed inside the bearing bores at the rear of the bearings, secure the 
bearings in the second .joint. 
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e. In another type oFuniversal joint (ball-and-trunnion type), the 
universal joint itself contains a feature that eliminates the need for a slip 
joint. Notice 



OUSTIOOT 
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the cutaway 
view of a ball- 
and-trunnion 
type universal 
joint. In this 
type of joint a 
trunnion pin is 
pressed through 
4 hole in the end 
of the propeller 
shaft. The pin 
is fitted with 
balls which ride 

in grooves in the flanged body. The balls are assembled on bearings so 
they can rotate with little friction. Compensating springs at each end of * 
the propeller shaft hold the shaft in a centered position. Changes in drive 
line length are permitted by the endwise movement of the balls in the body 
grooves. Changes in the angle between shafts are made possible by inward 
and outward movement of the balls on the trunnion pin. The ball-and- 
trunnion universal joint is easily recognized by the flexible dust boot that 
covers the propeller shaft end. 
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SECTION III. 



MAINTENANCE OF PROPELLER SHAFTS 
AND UNIVERSAL JOINTS 



5. INSPECTION PROCEDURES. The serviceability of propeller shafts, 
slip joints, and universal joints can be determined by inspection while they 
are still installed in the vehicle. In general, these parts are inspected in 
the same manner on all vehicles. If a rear propeller shaft is to be inspected, 
place shocks in the front and rear of the front wheels. Raise the* wheels 
that are connected to the propeller shaft to be examined so that they are free 
to turn. 



a. Look the propeller shaft over very carefully for big dents that would 
cause it to be bent or out of balance* Inspect for breaks or cracks at the 
welded seams at each end. Clean off any excess dirt or tar that may be 
stuck to the shaft causing it to be unbalanced. Check for proper mounting, 
making sure that the propeller shaft has been installed with the slip joint 
end nearest the transmission. Also, make sure the yokes on £ach end of 
the propeller shaft are alined. 
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b. Examine the slip joint oil seal and the universal joints. Make sur 
that the slip joint oil seal cover is in place and is tight. The universal joint 
mounting bolts must be tight and must have no stripped threads. Check each 
universal joint bearing for breaks or cracks. Cracks usually occur in the 
bearing at the inside of the yokes. At this time inspect for missing and 
cracked bearing grease seals which are also at the inside of the yokes. 
Look for broken or missing bearing retaining snaprings. 

c. Universal and slip joints should be properly lubricated befcfre in- 
specting for looseness. Lubricate the joints according to the lubrication 
order that applies to that particular vehicle that you are working op. All 
grease fittings that have been damaged badly should be replaceck^The 
fittings should also be replaced if grease does not pass through it easily or 
if grease comes out of the fitting after removing the grease gun. After 
lubricating, shake the propeller shaft and note any looseness. Now, with 
the handbrake applied and the wheels off the ground, attempt to rotate the 
propeller shaft back and forth, again noting any looseness. No looseness 
is allowed at the universal joint bearings, but a very small amount of slack 
is normal at the slip joint splines. Place the transmission in neutral and 
turn the propeller shaft by hand while listening for squeaking, grinding, or 
grating sounds. These noises indicate improperly lubricated or defective 
bearings. 

6.. REPLACEMENT OF PROPELLER SHAFTS AND UNIVERSAL JOINTS 
ON M15i -SERIES 1/4-TON TRUCKS. l.\e power transmission system of . 
the M151 -series trucks has a front and a rear propeller shaft. The shafts 
are of welded steel tubing with steel yokes at each end. Journal-type uni- 
versal joints are fastened in each yoke by retaining snaprings. Replacement 
and repair procedures fpr both propeller shaft assemblies are the same. 
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a. 



The following procedures should be followed when you remove, 
repair, and install a propeller shaft on an M151 truck* Place chocks in 
the front and rear of the wheels that are not driven by the propeller shaft 
to be removed. Use a jack to lift the other wheels off the ground, and then 
place safety stands under the vehicle. Place the transmission and transfer 
in neutral and release the handbrake. 



b. The tools required to remove universal joint mounting bolts on the 
M15l-series 1/4-ton trucks will vary by model. 

(1) The older model M151 
trucks requires a special wrench to 
fit the 12-sided heads of the mounting 

b ° ltS * S SOCKET WRENCH 

<B10900459) 
5120-893 0064 




(2) The new models M151A1 and M151A2 use the standard 6-sided 
bolt head, and a regular socket or box wrench can be used on them. 



c. To remove \he 
ceed as follows: 



^e*£*Q£^^ and universal joint assembly, pro- 




(1) Remove the four 
mounting bolts that secure the 
universal joint to the differential 
flange. 




MODELS M151A1 AND M151 A2 
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MODELS M151A1 AND M151 A2 

d. The two universal joints on 
interchangeable. Notice the view 
of the universal joint shown. If the 
universal joint has never been dis- 
assembled, you may find that the 
two bearing blocks will be connected 
together by a strap. Cutting this 
strap with a chisel enables you to 
slip the bearing blocks from the 
journal. 



YOKE 




e ends of the propeller shaft are 




e. The two bearing assemblies 
in the yoke are held in place by 
snap rings. Pry out and remove 
both of these snaprings. 
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f. Using a brass drift and a hammer, drive one bearing into the yoke 
until the opposite bearing is pushed 
out far enough to be removed. Re- 
move the remaining bearing by 
driving the journal in the opposite 
direction with the brass drift. 
Lift the journal from the yoke and 
remove its lubrication fitting. Re- 
move the seals -from the bearings 
and bearing blocks, "using care to 
prevent losing any rollers. There 

are 23 rollers in each bearing. ORD £39)80 

g. Clean all parts in-dry-cleaning solvent or volatile mineral spirits, 
and dry with compressed air. A complete inspection of all parts is per- 
formed after cleaning. Inspect the yokes for bends, cracks, and worn or 
damaged surfaces. Inspect the journal for damaged or worn bearing sur- 
faces. The bearings are inspected for worn or cracked races, rollers, or 
seals. Light marks on bearing surfaces can be removed with a fine stone 
Replace all parts that are unfit for further service. When any part th& is 
included in a universal joint j^rts kit (other than the mounting bolts) is 
defective, install a complete parts kit. Parts that are contained in a univer- 
sal joint parts kit are two bearing block races, two yoke bearing races 
xW^T""! 8 ', f ° ur be u arin 8 seals, 92 rollers, one journal, and four mount- 
ing bolts with lockwashers. The mounting bolts and lockwashers canTlso 
be ordered separately from the kit. 

h. Before putting the universal joint in the yoke, work some automo- 
tive and artillery grease (GAA) into each bearing race until the rollers are 
well lubricated. Install the grease fitting in the journal and position the 
journal ln the yoke. The journal should be positioned so that theTease 
fitting is toward the propeller shaft and is alined with the grease I *n g a t 
the other end of the shaft. Place one bearing assembly in place against th 

rTn;i a n n n d ir rnal t K nd " *** pU " * **** ^2i8?££ 

nng in place on the installed bearing and drive the second bearing into 

w*rd\»m SeC ° nd bea " ng With a Snaprin * and ta P each faring out- 

ward until both snapnngs are against the yoke. Put both bearing block 

S pue? j ° Urna1 ' PlaCing taP<i ar ° Und the block *««emblies to hold 
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i. When installing. a propeller shaft in the M151 -series vehicles, 
either end of the shaft may be installed toward the transmission. The front 
and rear propeller shafts, however, cannot be changed from one end of the 
vehicle to the other end. Hold the shaft in place at the transfer yoke 
(transmission end), remove the tape around the bearing blocks, and start 
the mounting bolts. Do the same at the differential end and then torque all 
eight universal joint mounting bolts. The bolts with 12-sided heads should 
be torqued to 28-33 ib-ft. Hex-head bolts should be torqued to 15-20 lb-ft. 
Before lowering the wheels to the ground, lubricate the universal joints 
according to LO 9-2320-218-12. 



7. REPLACEMENT 
OF PROPELLER 
SHAFTS AND UNI- 
VERSAL JOINTS ON 
2-1/2-TON, 6X6 
^TRUCKS. ' The Ml 51 
does not use slip 
joints on its propel- 
ler shafts due to the 
arrangement of its 
power train compo- 
nents. When you re- 
pair propeller shafts 
in a wheeled vehicle 
such as the 2-1/2- 
ton, 6x6 truck, the 
slip joint will then* 
have to be con- 
sidered. The fol- 
lowing instructions 
tell you how to re- 
move and replace a 
splined slip joint 
yoke on the rear 
rear axle propeller 
shaft on a 2-1/2- 
ton truck: 
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a. Place chocks in the front and re^r of/the front wheels to prevent 
the truck from rolling while it is being woWd on. The rear rear axle 
propeller shaft is located between the lear axle assemblies. The 2-1/2- 
ton truck has enough road clearance to allow you to work under it, but a 
jack is still used to perform this job. Always jack up one wheel of the axle 
driven by the propeller shaft to be removed. This prevents possible injury 
to yourself, due to windup of the shaft. 



EARTH K5RING MACHINE 
DRIVE SHAFT ASSY (VI8A/MTQ) 



DELIVERY PUMF 
WAR DRIVE SHAFT 
(M49 ANDM50) 



HYDRAULIC HOIST 
PUMP DRIVE SHAFT 
ASSY (M47 
AND M59) 

TRANSFER PROPELLER 
SHAFT ASSY 



FRONT WINCH 
DRIVE SHAFT ASSY 




REAR REAR AXLE 
PROPELLER 
SHAFT ASSY 



FORWARD REAR AXLE 
PROPELLER SHAFT ASSY 



HYMAUL1C HOIST 
PUMP DRIVE SHAFT 
ASSY (M108) 

REAR WINCH DRIVE 
SHAFT ASSY(V-I7//MT0) 

POWER DIVIDE! DRIVE 
SHAFT ASSY(V-18A/MTO) 



INTERMEDIATE 
PROPEUER SHAFT 
ASSY 



FRONT AXLE 
PROPELLER SHAFT^SSY, 



b. Remove the flange mounting bolts from the^slip joint end of the 
propeller shaft Before removing anything else, look for two alinement 
arrow* marks that 
are stamped on the 

u C4> i t MINING 

shaft and sleeve n m arrows 

yoke. If you can- 
not see any arrow 
marks, mark the 
shaft and sleeve 
yourself so that 
they can be re- 
assembled in the 

same position. Next, remove the mounting bolts on the rear axle end of 
the shaft and remove the propeller shaft. 
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c. Unscrew the slip 
joint oil seal cap and slide 
the splined sleeve yoke 
from the shaft splines. 
Remove the snaprings and 
universal joint bearings 
from the splined yoke. 
Clean and inspect the 
splined yoke for distortion, 
cracks, and worn or 
damaged splines or bear- 
ing bores. 



SNAP RING 




SPLINED SLEEVE 
YOKE 



OIL SEAL CAP 




GREASE FITTINGS 



ALINEMENT MARKS 



d. The propeller shaft is assembled by reversing the procedure used 
to take it apart. There are several things that must be considered when 
putting it together, though. The three grease fittings, one at each of the 
universal joint s-^ttd-oxve 
at the slip yoke, must 
be alined. A new slip 
joint seal and universal 
joint snaprings must be 
installed on the splined 
sleeve yoke. Sometimes 
you will find that the 
sleeve yoke can be in- 
stalled on the propeller 
shaft in only one posi- 
tion. This is due to a 
blind spline, which is 
one spline of double 
width on the propeller 
shaft and yoke. When 

a blind spline is used, the sleeve yoke cannot be installed on the propeller 
shaft out of alinement. However, you must still position the universal 
joints so that their grease fittings will aline with the slip joint grease fitting. 
After the propeller shaft has been secured back in the vehicle, lubricate it 
according to LO 9-2320-209-12. 
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1. At what point on a propeller shaft does the twisting force (torque) 
create the greatest strain? 

a. At the center of the shaft 

b. On the outer surface of the shaft 

c. Midway between the center and the outer surface of the shaft 

2. What causes the distance between the axle assemblies and the transfer 
case to change? 

a. Slip joints 

b. Universal joints 

c. Flexing springs 

3. The speed fluctuations of a universal joint are the greatest when the 
shafts are positioned at an angle of 

a. 10°. 

b. 20°. 

c. 30°. 

4. Which type of universal joint eliminates the need for a slip joint? 

a. Ball and trunnion 

b. Yoke and spider 

c. Cross and yoke 

5. The spring retainers used on some universal joints to secure the bearings 
in the yoke are also called 

a. tab locks. 

b. C-washers. 

c. snaprings. 

6. The angle between the transmission output shaft and the propeller shaft 
must be the same as the angle between the axle assembly input shaft 
and the propeller shaft in order to reduce 

a. drive line vibrations. 

b. speed fluctuations. 

c. excessive torque. 
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• In addition to tar from the road, what else is likely to cause a propeller 
shaft to become unbalanced? 

a. Worn slip joints / 
b # Dents or bends 
Loose U-joints 

8. The bolts used to 3ecuxe the U-joints on the early 1/4-ton truck Mx51 
have ^\ 

a. recessed heads. 

b. square heads. 

c. 12-point heads. 

9* The oil seal on the slip joint of the 2-1/2-ton, 6x6 truck is held in 
place by a 



a. snapring. 

b. threaded cap* 

c. setscrew. 

10. What is used on a slip joint to make sure the joint can be installed in 
only one position? 

a. Blind spline 

b. Arrows 

c. Woodruff key 

11. What tactical wheeled vehicle does not have slip joints on the propeller 
shafts between the transfer case and the differential? 

a. M35 
b # M35A1 

c. M151 * 

12. When a conventional universal joint is driving ^t an angle, how many 
times will it speed up or slow down durir.g each revolution? 

a. Two 
b # Three 
c # Four 
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13. Which type of U-joint hat a compensating spring? 



a. Journal and yoke 

b. Cardan joint 

c. Ball and trunnion ( 




14. What types of bearings are used on the journals of most universal 
joints ? 



a. Ball and roller 

b. Roller and needle 

c. Needle and sleeve 

15. What should be used to remove light marks from the bearing surfaces 
of U-jolnt journals? 

a. Flat file 

b. Sandpaper 

c. Fine stone 
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SECTION. IV. CONCLUSION 



8. SUMMARY. In this leston wo discussed the construction and operation 
of propeller shafts and universal joints. We also discussed procedures for 
maintaining them. You now have the knowledge you will require for this 
task. Your skill will have to be developed through practice. 

9. PRACTICE TASKS. Appendix B of this lesson contains a list of tasks 
associated with propeller shafts and universal joints. They are 
representative of tasks you will be required to perform as a wheeled vehicle 
mechanic. Perform all of the tasks listed.' Be sure you are under the 
supervision of an officer, NCO, or specialist who is qualified in the MOS 
when you practice ihe tasks. If you find you are having difficulty in certain 
tasks, restudy the appropriate training material and practice the tasks until 
you become proficient In each one. 



1-21 

41 



APPENDIX A 
REFERENCES 



A* 611-201 Enlisted Military Occupational 

Specialties * Jan 6? 

AR 750-1 Army Materiel Maintenance 

Concept* and Policies May 72 

DA Para 351-20 Announcement of Army 

Correspondence Courses Mar 72 

OS Pam 27 USAOC&S Catalog of 

Correspondence Courses 1974-75 

TM 9-871A 1/4-Ton, 2-Wheel Trailer M100 Jul 51 

TM 9-2320-206-20 Organizational Maintenance- of 

10 -Ton, 6x6, M123 Series 

Truck Tractor Oct 71 

TM 9-2320-209-20 Organizational Maintenance of / 

2-1/2-Ton, 6x6, M34, M35, and 
M36 Series Trucks I Apr 65 

TM 9-2320-211-20 Organizational Maintenance of ^ Mar 63 

5 -Ton, 6x6 Tractor Trucks, 
Cargo Trucks, and Wreckers 

TM 9-2320-218-20 Organizational Maintenance of 

1/4-Ton, 4x4, M151 Series 

Trucks Sep 71 

TM 9-2320-244-20 Organizational Maintenance of 

1-1/4-Ton, 4x4 Trucks M7 15 

and M7 25 Aug 71 

TM 9-2330-202-14P Maintenance and Repair Parts for 

3/4-Ton, 2-Wheel Trailers 

M101 and M101A1 Aug 62 

TM 9-2330-213-14 Maintenance of 1-1/2-Ton, 2-Wheel 

Trailers* M104 and M105 Series Jan 64 

TM 9-2610-200-20 Pneumatic Tires and Inner Tubes Jan 71 

TM 9-8000 Principles of Automotive Vehicles Jan 56 

TM 9-8014 Organizational Maintenance of 1/4- 

Ton, 4x4, M38 Series Trucks Apr 55 

TM 9-8024 Organizational Maintenance of GMC 

Series 2-1/2-Ton, 6x6 Trucks Oct 55 

TM 9-8030 Organizational Maintenance of 

3/4-Ton, 4x4, M37 Series Trucks May 55 



ERIC 



42 



APPENDIX B 



PRACTICE TASK LIST 

Pr actice Objective After practicing the following tasks you 

; will be able to: 

L Locate propeller shafts and univer- 
sal joints on various wheeled 
vehicles. 



2. Inspect propeller shafts and univer 
sal joints. 

3. Lubricate propeller shafts and 
universal joints. 

4. Remove and replace propeller 
shafts and universal joints. 



Practice Tasks. 

1 Look at the propeller shafts on vehicles in your unit. Pay particular 
attention to the Terences in propeller shafts on the 1/4-ton vehicle and 
the 2-1/2-ton or 5-ton vehicles. Notice the short propeller sfcaft that 
connect, the transmission to the transfer on the heavier vehicles. 

2 Find the universal joints on the same vehicles. Notice how they con- 
nect each shaft to a gear train component. Look for the slip joints. 
Remember that some propeller shafts on the 1/4-ton have no slip joints in 
the shafts. 

3 While you are under the vehicle, make a visual inspection of the 
propeller shafts and universal joints. Look for loose bolts and bent or 
denied shafts. Inspect the area around the universal joint spider and the 
bearing. Look for what looks like loose rust in this area. This indicates 
the bearing area is probably out of lubricant (grease). 

4 Observe propeller shafts being lubricated. Notice how the vehicle is 
moved I position the grease fittings right. If possible, assist the lubrica 
tion personnel during the lubricating procedures. 

5 Assist another mechanic in the removal and disassembly of a propelh 
shaft. Notice how the spiders are removed from the propeller shafts. 
Inspect each of the components of the disassembled universal joints and 
determine whether or not they are serviceable. 
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6. Assemble and disassemble several types of universal joints It is 
suggested that you work with parts that have been declared'unserviceable. 



/ 
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CORRESPONDENT E/OJT COURSE 



LESSON ASSIGNMENT SHEET 

Ordnance Subcourse No 63B206 . . Wheeled Vehicle Drive Lines, Axles, 

and Suspension Systems 

Lesson 2 Introduction to Axle Assemblies 

Credit Hours . « Three 

Lesson Objective After studying this leseon you will be 

able to: 

1. Describe the types of axle 
assemblies used on tactical 
wheeled vehicles* 

• 

2, Describe the construction of the 
I-beam type axle assembly. 



3. Explain the purpose of a dead 
axle assembly* 



4. Describe the construction of live 
axle assemblies* 

5. Explain the purpose of a differ- 
ential assembly. 

6/ Describe the purpose of axle 
shafts. 



7. State the purpose of axle 
housings* 



2-1 



47 



Materials Required 

\ 



Suggestions 



8. Describe the operation of live 
rear axle assemblies. 

9* Describe the operation of a final 
drive and differential assembly. 

10. Explain how axles are lubricated* 

11. Describe the drive axles of the 
4 1/4-ton truck M151, 

12. Describe the combination shaft 
and gear type live front axle used 

& on heavy front-wheel drive trucks. 



ALL STUDENTS. Answer sheet 
and exercise response list. 
CORRESPONDENCE/OJT 
STUDENTS. See appendix. 

When reading the study assignments 
carefully study all accompanying 
illustrations. 
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1. INTRODUCTION. The term "wheeled vehicle" means that wheels 
instead of tracks, runners, or skids are used to support the weight 
of the vehicle and to propel the vehicle. To do the job, however, 
wheels must be secured to a device that will hold them in the posi- 
tion needed so that 
they can roll and 
support the load. 
This device is 
called an axle. 
It is a cross sup- 
port between the 
wheels that is 
strong enough to 
meet the demands 
in accordance 
with the size of 
the vehicle. The 
design of an axle 
assembly depends 
on what it is sup- 
posed to do. If n 

you think of a front axle, you can see how it must support the wheels 
in such a manner that they will roll and, in addition, turn in differ 
ent directions for steering. If you think of a rear axle, it doesn't 
have to have a steering ability but it does have to deliver torque 
to the wheels to make the vehicle move. We therefore have two major 
types of axles: the dead axle , such as would be used for the front 
of a vehicle if the wheels weren't powered, and the live axle for the 
rear where the wheels must be made to rotate. 




2. USE OF AXLES. Most coitimerical trucks use dead axles in the front 
and live axles in the rear. Tactical vehicles in the Army use live 
axles in the front and rear. One exception to this is the 1/4-ton 
truck M151 which uses a separate type of drive which we will discuss v 
later. It uses an independent suspension system on each wheel. 
Civilian cars also use the independent suspension system in the front 
and some use it for all four wheels. 



3. DEAD AXLES. Dead axles are used on the front of trucks that do 
not have front-wheel drive. They are also used on trailers. When 
used in the front of a vehicle they must provide for the steering 
system. When used on a trailer they only need to hold the wheels in 
an upright position and be strong enough to support the trailer load. 
Dead axles are usually held in line with the vehicle frame by the 
springs that support the vehicle load. There are several types of 
dead axle designs. 
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;ype axle is made from a high grade steel that is 
^shape and heat-treated to form the axle I-beam, 
ction 




a. The I -be 
forged into the prq 
This type of con 
produces an axlejlhat is 
light in weight and has 
great strength. The I- 
beam axle is shaped so 
that the center part is 
several inches below 
the ends* This permits 
the body of the vehicle 
to be mounted lower 
than it would be if the 
axle were straight. A 
vehicle body that is 

closer to the road has a lower center of gravity and holds .e road better 
Let's take a closer look at this axle and see how it is made. 

(1) On the top of the axle you can see that flat, smooth surfaces 
or pads are provided to mount the springs. The mounting surfaces are 

called spring seats and will usually 
have five holes. The four holes on 
the outer edge of the mounting sur- 
face are for the U-bolts which hoid 
the spring and axle together. The 
center hole provides an anchor 
point for the center bolt of the 
spring. The head of the spring 
center bolt, seated in the center 
hole in the mounting surface, in- 
sures proper alinement ol the ax]* 
* with the vehicle frame. 
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(2) A hole is located in each end cf the I-beam section. It is bored 
at a slight angle and provides a mounting point for the steering knuckle or 
kingpin. A small hole is drilled from 
front to rear at a right angle to the 
steering knuckle pinhole. It enters 
the larger kingpin hole very slightly. 
The kingpin retaining bolt is located 

in this hole and holds the kingpin in — 
place in the axle. ———-^^^ 
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(3) The steering knuckle is made with a yoke at one end and a 
spindle at the opposite end. Bronze bushings are pressed into the upper 

and lower arms of the yoke, through 
which the kingpin passes. These 
bushings provide replaceable bear- 
ing surfaces. A lubrication fitting 
and a drilled passage provide a 
method of forcing grease onto the 
bearing surfaces of the bronze 
bushings. The spindle is a highly 
machined, tapered, round shaft 
that has mounting surfaces for the 
inner and outer wheel bearings. 
The outer end of the spindle is 
threaded. These threads are used 
for installing a nut to secure the 
wheel bearings in position. A 
flange is located between the spindle 
and yoke. It has drilled holes 
around its outer edge. This flange 
provides a mounting surface for the 
brakedrum backing plate and brake 
components. 

j 

(4) The kingpin acts much like the pin of a door) hinge as it con- 
nects the steering knuckles to the ends of the axle I-beam. When installed, 
the kingpin passes through the upper arm of the knuckle yoke, through the 
end of the I-beam and a thrust bearing, and then through the lower arm of 
the knuckle yoke. The kingpin retaining bolt locks the pin in position. The 
ball-type thrust bearing is installed between the I-beam and lower arm of 
;he knuckle yoke so that the end of the I-beam rests upon the bearing. This 
provides a ball bearing for the knuckle to pivot, or turn, upon as it supports 
the vehicle's weight. 

(5) When the vehicle is not in motion, the only job that the axle 
has to perform is holding the wheels in proper alinement and supporting 
part of the weight. As the vehicle goes into motion, the axle receives the 
twisting stresses of driving and braking. When the vehicle operator applies 
the brakes, the brakeshoes, which are mounted to the backing plate and 
bolted to the spindle, are pressed against the moving wheel drum* This 
action tries to make the axle turn. When the brakes are applied suddenly, 
the axle twists against the springs and actually twists out of its normal 
upright position. Some vehicles use additional rods or springs to oppose 
the twisting action of the axle. In addition to twisting during braking, the 
front axl** also moves up and down as the wheels move over rough road 
s'*r: tCt.5 Steering controls and linkages provide the means of turning the 
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ng knuckles to steer the vehicU. As the vehicle makes a turn while 
ng, a side thrust is received at the wheels and transferred to the axle 
springs* These forces act on the axle from many different directions, 
can see, therefore, that the axle has to be constructed quite rugged to 
keep all the parts in/proper alinement. 

b. Now that We have discussed the I-beam type dead axle used or/the 
front of some vehicles, let's look at the type of dead axle that is used dn 
towed vehicles or trailers. The axles used on trailers are designed to 
mount the wheels and support the weight of the vehicle. Most smaller 
trailers use a single axle, while larger ones normally have two-axle assem- 
blies. The size of trailers varies from the small 1/4-ton models to the 
large 50-ton transporters. As the vehicle size increases, heavier axle 
assemblies are used. Since trailer wheels are not powered, the axles used 
are all of the dead type. Larger trailer axles are equipped with service 
brakes to assist in stopping the moving vehicle. 




(1) The axle that is used on most military trailers is usually a 
straight, round steel shaft or tube. Smooth machined surfaces at the ends 
of the shaft provide mounting surfaces for the wheel bearings and the wheel 
bearing seals. The threads on the ends of the axle shaft hold the wheel 
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bearing retaining nuts, A locking plate for the wheel bearing nuts fits into 
a keyway or slot to" prevent the nuts from working loose. Two steel pads, 
welded 
to the 
axle 
shaft, 
provide 
seating 
surfaces 
to con- 
nect the 
axle Co 
the leaf- 
type springs, 
A machined 

flange with holes located around the outer edge is located just inside *he 
wheel bearing surfaces. It provides a mount for the brake backing plates. 




(2) On semitrailers with tandem or two axles (one behind the 
other), the axles are not usually bolted directly to the leaf-type spring. 
The springs are mounted on a central trunnion shaft with spring seats so 
that they aid in holding the axle in line. The spring ends rest upon spring 
bearing plates welded to the axle shafts. The tip of the springs can slide 
forward and backward on the bearing plate. Torque rods are used to hold 
the axles in the proper position. Latar in the lesson you will see a similar 
spring arrangement that is used on tandem live axles. 
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(3) A trailer axle may support almost all or just part of the total 
/elude weight. On small single-axle trailers most of the weight' is sup- 
ported by the axle assembly. Large semitrailers" are designed so that the 
towing vehicle (truck tractor) supports as much of the load as the trailer 
axles. On the trailers that have brakes controlled by the operator of the 
towing vehicle, the axle must withstand the twisting force of the wheels as 
the brakes are applied. While in motion the axle will move up and down 
under the load of the trailer as the wheels follow the surface of the road. 

(4) With only a few moving parts, the dead axle assembly does 
not require a large amount of lubrication. The wheel bearings are removed 
from the assembly and packed with automotive and artillery grease (GAA) 
at the intervals required by the lubrication order (LO). Steering knuckles 
and linkages found cn front axles are lubricated with automotive and artil- 
lery greases by means of lubricating fittings. 

a 

4 LIVE AXLES. The major difference between the dead and live axle is 
that the live axle can drive' each of * wheels it mounts. Being able to 
drive the wheels means there are considerable differences in the construc- 
tion, operation, and cost of the live axles over a dead axle. In past lessons 
the methods of developing power and delivering it to the axles have been 
presented. Let's find out what is needed in a live, or drive, axle to make 
it lunction and what types of axles are used. 

a. The speed of the output from the transmission or transfer assembly 
is too fast to c onnect to the drive whee ls. If it were connected at this speed 

there would 1 — ■ — — r ' 

not be enough 
torque to pull 
the loads the 
vehicle is 
^signed to 
pull. The 
vehicle would 
also travel 
entirely too 
fast. The 
live axle is 
constructed 
so that it 
will lower 
the speed and 
increase the 
torque or 
pulling power. 
This is done 
by using 
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reduction gearing ot a small gear driving a larger gear. The axle is also 
constructed so that the power flow can turn 90 degrees in each direction 
(from the propeller shaft to the right and left wheels). This is needed to 
direct the pov/er flow to the drive wheels on each side of the vehicle. This 
change of direction is done by the use of worm gears or bevel drive gears. 
Notice that the pinion gear is the smallest and the ring gear is the largest. 
These two gears provide a reduction in speed and change the direction of 
the power flow. Let's see what else is needed in the live axle assembly. 

b. As the vehicle moves around a turn, the wheels on opposite ends 
of the axle must turn at different speeds. This is because the wheel on the 
outside of the turn must travel a larger circle or path than the wheel on the 
inside of the turn. If both wheels were rigidly mounted to a .single solid 
shaft, the tires would be forced to slide on the road surface when the vehicle 




wheels by axle shafts. Now*that we know basically 
what is needed in a live axle, let's find out more about the construction of 
these axles. 

c. The live axles are grouped into four general types. These types 
are based upon the way that the load is supported. An easy way to identify 
these axles is the manner in which the axle shafts are mounted. The four 
types are the plain, semifloating, three-quarter floating, and full-floating 
axles. Each rear live axle assembly consists of a gear box or final drive 
in the center and axle shafts extending to the wheels on either side. 

(1) Early vehicles used a live axle known as the plain or nonfloat- 
mg axle. The axle resembled the semifloating axle (discussed in the next 
paragraph) on the outside. However, the axle shaft* were supported by a 
different method. The axle shafts were supported by two roller oearmgs. 
One roller bearing was located just inside of t*u outer end of tiu- axle shaft 
housing. The other roller bearing was located at the center ui the axli 
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shaft and inside the axle shaft housing. The inner ends of the axles were 
connected to the differential side gears by keys and keyways. These axle 
shaus had to carry the weight of the differential assembly on the inner ends. 
The vehicle wheels were attached to the outer ends of flic axle shafts. 
Therefore, the outer ends of the axle shafts carried the entire weight of the 
rear of the vehicle. End thrust on the axle shafts was absorbed, or taken- 
up, by a ball-type bearing located on each side of the differential casr and 
a block between the inner ends of the axils. This type axle assembly i* not 
used on any of the modern automobiles or trucks. 

(2) A second type of axle, the semifioating axle, i» used on most 
passenger and light commercial vehicles. The difference betwern the semi- 
floating and plain axle is the method of mounting the differential assembly 
and the support of the axle shafts. 
On the semifioating axle assembly, 
the differential housing is supported 
in the axle housing on bearings 
rather than on the inner ends of the 
axle shaUs. This design relieves 
the axles of the weight and some of 
the operating stresses of the differ- 
ential assembly. The inner ends of 
the axle shafts are splined to gears 
m the differential and have only to 
transmit turninc effort. The outer 
ends of the axle shafts are mounted 

similar to the plain type axle, with the shafts supportinq vehicle weight and 
withstanding wheel side thrust. The outer end of the axle is supoorted on 
a tapered roller bearing. With this type of construction, the wheel mav 
come off of the vehicle if the axle shaft should break. This is also true ot 
the plain type axle above.* 

(3) A third type of axle, the three-quarter floating axle, was also 
used on some earlier commercial vehicles. The bearing supporting the 

outer end of the axle shaft is moved 
from inside the axle housing to the 
outside. This method of mounting 
the axles places most of the weight 
of the vehicle on the ends of the axle 
housing rather than the ends of the 
axie shafts. Since the wheel is 
solidly keyed to a taper on the end 
of the axle shaft, side thrust as the 
vehicle turns or skid? is still taken 
by the axle shaft. 
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(4) Now let 1 * look at the fourth type of axle, which is known as 
the full-floating type axle. The major difference in the three-quarter and 
full -floating axle is that two bearings 
are used to mount the wheel on the 
axle housing instead of one bearing* 
With this method of construction* the 
axle shaft may be removed without 
disturbing the wheel or differential 
assembly. This type of construction 
is used on military tactical wheeled 
vehicle axles. The axle shaft on 
full-floating axles has a flange at the 
outer end. The flange connects the axle shaft to the hub of the wheel. It is, 
therefore, through the flange that the axle shaft drives, the wheel. On rear 
axles the flange is a part of tlte^ade shaft. On front axles the end of the 
shaft is splined and a splined flange slides over the end of the shaft and is 
bolted to the wheel hub. 




d. Now that we know how axles are classified, let's find out what types 
of gears are used in the final drive. A final drive is that part of the power 
train between the propeller shaft and the differential. It is the part of the 
axle assembly that provides the 90-degree change in direction of the power 
flow and an increase in torque or turning force. The final drives used in 
most military tactical vehicles are either single or double reduction units. 
The single reduction axles are used on light wheeled vehicles. They con- 
sist of one set of reduction gearing. These same gears are also used to 
change the direction of power flow. The double reduction units have a 
second set of reduction gears, giving them the name "double reduction. " 
These final drives are used on heavy modern wheeled vehicles where a 
large amount of reduction is needed. 

(1) Some early vehicles that were built to haul heavy loads often 
used a worm gear type final drive. This type gearing provided a large 

amount of reduction and worked quite well for heavy, 
slow-moving trucks.' The geaiing consisted cf two 
gears: a worm and a large worm gear. "he worm 
is similar to a coarse*thr earned bolt. Tne threads of 
the worm mesh with the worm gear. Most worms 
used in live axles have only one continuous thread, 
just like the thread on a bolt. When the worm is 
turned one complete turn, it moves the worm gear 
the distance of one tooth. This means if the worm 
gear has 25 teeth, the worm must rotate 25 times to 
turn the worm gear one complete turn or revolution. 
The gear ratio of this gear set would, therefore, be 
25: 1. This type gearing creates a lot of friction between the two gears and 
at the end of the worm and is not adaptable to the high-speed operation of 
modern vehicles. 
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(2) A second type of gear that is used in the final drive of live 
axles is known as the bevel gear. Like the worm gears, bevel gears can 
be used to change the direction of power flow and also provide a reduction. 
Bevel gears, or bevel drive gears as they are sometimes called, are found 
as two general types. One type has 
straight teeth and is therefore known 
as spur bevel gears. On the other 
type the teeth look like they have 
been twisted and are called spiral 
bevel gears. Bevel gear final drives 
used in live axles consist of two 
gears. The smaller, called a pinion, 
is connected to the propeller shaft. 
The larger gear, which looks like a 
ring v/ith teeth cut on an angle on the 
side, is called a ring gear. The spur bevel gear final, drives used on many 
early vehicles were noisy and not strong enough. This was due to the mesh- 
ing gears having, only one tooth in contact, which is a characteristic of all 
spur type gears. 

(3) By "twisting" the teeth of a spur gear, the contact surface of 
the gear teeth is longer and more than one tooth is in contact at one time. 

Therefore, spiral bevel gears, as they 
are called, eventually replaced spur 
gears in live axles because they are 
stronger and quieter. The pinion is 
connected to the propeller shaft while 
the ring gear drives the axle shafts 
through the differential case and gear- 
ing. We will learn more about the dif- 
ferential gearing later in the lesson. 

SPIRAL KVCL GCA* ^ 

(4) It was found that by lowering the pinion below the centerline of 
the beve. ring gear that the teeth in mesh could be longer. This meant that 
the gear set would still be stronger than the spiral bevel set. It also lower- 
ed the propeller shaft and allowed the vehicle body 
to be lowered. This improved version of the 
spiral bevel gear set is known as the hypoid gear- 

ing. It is used in many commerical and military 

vehicles. The pinion and ring gear are both 

mounted on the same type bearings as the spiral 

bevel gearing. Live axles using this *,pe of 

gearing are found with the pinion below the ring 

gear centerline and sometimes above the ring gear 

centerline. If you compare the illustrations of the „ YP0 ,^ UAk 

spiral bevel gears and the hypoid gears you can see that the pinion in the 

hypoid set is located below the ring gear centerline. 
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e« The size of the gears used in final drives depends on the needs 
the vehicle. The relationship of the pinion and ring gear is known as the 
gear ratio, just as in the worm gears* We learned earlier that worm gears 
provided a lot of reduction* Bevel drive gears do not provide the same 
amount of reduction per size* The ratio of the gears can be obtained by 
dividing the number of gear teeth on the pinion into the number of gear teeth 
on the ring gear. This will show how many revolutions the pinion makes 
when the ring gear makes one revolution or "turn. For example, if the 
pinion has 10 teeth and the ring gear has 50 teeth, the ring gear has 5 times 
as many teeth and the ratio is 5: 1 (5 to 1). The drive ratio of automobile 
drive axles ranges from 2. 5:1 to 5:1. Larger trucks have gear ratios 
ranging from 5:1 to 15:1. 

(1) Lighter vehicles that are not required to haul heavy loads can 
use a comparatively low ratio set of gears. For example, a small commer- 
ciaLtruck may have a gear set with a ratio of 5:1. This ratio can easily be 
obtained with one set of reduction gears such as the single reduction gear 
sets discussed above. 

(2) Larger trucks need gear ratios up to as much as 15:1. This 
would mean that if 10 teeth were on the pinion, there would have to be 150 
teeth on the ring gear. A ring gear of this size would take up too much room 
Instead, the ratio or total reduction is divided up between two sets of reduc- 
tion gears. This type gear arrangement is known as the double reduction 
drive. This way, if the bevel gears supply about a 3:1 reduction and the 
second reduction gearing a 5: 1 reduction, the overall ratio would, therefore, 
be 15: 1 and none of the gears would be large enough *o take up too much 
room. 
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(3) The double reduction 
axle should not be confused with the 
two-spted axle. Some commercial 
trucks use a drive axle that has two 
different ratios or reductions. The 
driver can select which ratio he 
needs with controls that are located 
in the truck cab. ( This type axle has 
a "low 1 * range and "high 11 range. The 
ranges are actually two different 
ratio reductions. Two-speed axles 
are known as dual ratio and double 
reduction-dual ratio axles. Notice 
in the illustration of a double reduc- 
tion-dual ratio final drive that the 
ring gear has changed names to the 
bevel drive gear. You should also 
notice that the differential case is 
located in the larger gear area. 
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f. On live axles, one wheel must turn at a different speed than the 
other as the vehicle goes around a corner. Additional gearing is required 
to allow for the difference in the speed of the wheels. This gearing must 
also continue to drive each wheel at the same time. The gearing assembly 
designed to do this job is called a differential. The differential assembly 
is mounted in the axle housing and is bolted to and driven by the final drive 
ring gear. 
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(1) The differential case consists of two or more steel castings 
bolted together to form a single solid unit. The right and left ends of the 

case are machined to 
provide for the mount- 
ing of tapered roller 
bearings. These 
roller bearings sup- 
port the entire differ- 
ential assembly in the 
axle housing. When 
mounted in the proper 
position, the differ- 
ential will rotate in 
the same direction as 
the wheels and tires. 
The axle shafts enter 
the differential assem- 
bly from the right and 
left side. The ring 
gear of the final drive 
is bolted or riveted to a mounting flange on the differential case. 

(2) Notice the location of each component in the phantom view of 
an assem- 
bled differ- 
ential. The 
differential 
bearings are 
mounted on 
the sides of 
the case* 
They, in 
turn, seat 
in their 
races in the 
axle housing. 
With this 
type of 
mounting, 
the inner 
ends of the 
axle shafts 
do not sup- 
port any of 

the weight or strain of the differential. Through their splined ends in the 
side gears, the shafts only 'leiiver the output torque of the differential to 
the wheels. 
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(3) Now let's see what the differential looks like when it is dis- 
assembled. Notice the holes in the two halves of the case where the four 
stems of the spider can seat. When the two halves of the case are bolted 
together with the spider or cross -shaft in place and the ring gear is bolted 
in place to the left half of the case, the entire unit must rotate any time the 
ring guar turns. Also notice that there is a bearing surface in the two side* 
of the case to support the machined shoulders of the bevel side gears. To 
assemble this unit we start by placing the left side gear and spacer in the 
left half of the case. Then place the four spider bevel pinions and spacers 
on the spider and position this assembly against the left side of the case so 
that tHc four fingers are seated in the half hol6s provided. When this is 
done you can see how the four bevel pinions will all be in mesh with the left 
side~bevel gear. Next, place the right side gear in the right half qf the case, 
Now, when the two halves of the case are bolted together, the right side ue.u 
will be in mesh with the four spider pinions and the spider cross- shaft will 
be secured in position. After bolting the ring gear to the differential case 
ap4 placing the carrier bearings and shims on the case, the assembly is 
ready to put into the axle housing. 




a - RIGHT AND LEFT SIDE GEARS 
b - SPIDER PINIONS AND SPACERS 
c - SPIDER CROSS SHAFT 
6 - PINAL DRIVE PINION AND RING GEAR 
7,8 - FINAL DRIVE PINION BEARING 
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(4) Some lighter vehicles only use two spider pinions in the diffe 
ential. In this type 
a straight shaft in- 
stead of a four- 
fingered spider sup- 
ports the spider 
pinions. Something 
to remember is that 
the side gears are 
free to turn on their 
bearing surfaces of 
the case and the 
spider pinions are 
also free to turn on 
the spider cross- 
shaft, 

(5) Two types of differential gearing are in use in standard axle 
assemblies. The conventional design gears deliver equal twisting effort or 
torque to each axle at all tarries and the high-traction type delivers variable 
torque to each side gear, depending on the traction of the wheels. Notice in 
the conventional design that the teeth of the spider pinions are placed oppo- 
site each other. Also, the teeth have the normal spur gear tooth shape so 
that as one tooth comes out of mesh or. one side of the gear, the tooth on the 
opposite side does the same thing. Now look at the shape of the teeth on the 
hi^h-traction gears. If the ring gear was forcing the unit to rotate so the 
spider pinion was moving down, teeth 1 and 2 would be forcing the side gears, 
axle shafts, and wheels to rotate, also. However, look at the difference in 
the point of contact for the two teeth. The leverage from the center of the 
spider to the point of contact for tooth lis much longer than that for tooth 2. 
If you recall the principles of gears, this arrangement will apply a greater 
force on tooth 2 than on tooth 1. 
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(6) Now let's imagine that the wheel driven by tooth 2 slipped a 
little on ice while the wheel driven by tooth 1 had good traction. This would 
mean that the right side gear would rotate a little more than the left side 
gear because the wheel driven by the 
right side gear had slipped. When 
this happens, the spider pinion will 
rotate a small amount in the direction 
shown by the arrow. Now tooth 2 will 
slide out of the right side gear a 
small amount and be driving the side 
gear with the point of the tooth. At 
the same time tooth 1 will have moved 
to a position where the part of the 
tooth pushing down on the left side 
gear '-'ill be closer to the center of 
the pinion. This will now place a 
greater leverage on the left side gear, 
which is driving the wheel that has 
good traction. 




AFTER SPIDER GEAR HAS ROTATED 
(7) The high-traction type gearing works very well where only a 
small amount of wheel slippage is involved. In the event on? wheel is on a 
large piece of ice and the other wheel has good traction, it will not provide 
enough change in torque to keep the one wheel from spinning. 

g. The axle shafts must be strong enough to deliver the twisting force 
necessary to move the vehicle under all conditions. The full-floating axle 
shaft is spiined on one end to fit the splines of the differential side gear. 
The other end can either contain a flange that can be bolted to the wheel hub, 
or it may be spiined and require a spiined flange that slides onto the shaft 
first and is then bolted to the hub. The semifloating axle is mounted a little 
different. Remember, they support some of the weight of the vehicle so the 
wheel end is tapered and the wheel hub is keyed to it and held in place with 
an axle nut. 

h. The axle housing is usually a steel casting that will vary in size 
according to the vehicle design and size. The housing mounts the wheels, 
axle shafts, final drive, and differential assembly. Seats or flat surfaces 
are provided either on the top or bottom of the housing for springs. On 
vehicles with more than one rear axle, torque rods are connected to arms 
located on the top and bottom of the housing. Like the tandem trailer axles, 
the torque rods and leaf springs keep the axles in position. 
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(1) More than one type of axle housing is used on wheeled ^ 
vehicles. Some early vehicles used an axle housing that was made of two 
sections. These consisted of a right and left section that were joined in the 
center with bolts. Axles using this type of housing are called split type. 
The split construction requires that the axle be removed first and then com- 
pletely disassembled for inspection or repair of the differential. A standard 
type differential assembly is supported by tapered roller bearings in the 
right and left housings. The drive pinion and shaft are mounted in the front 
of either the right or left section. Notice in the illustration that the housings 
for the axle shafts and the differential are made as separate items and then 
riveted together. An arrangement similar to the center section is used on 
the 1/4-ton truck M151, as you will see later in this lesson. 




(2) Most present-day vehicles use a banjo-type rear axle. With 
this type of construction die differential and final drive assemblies are made 
as a single unit. The axle housing is a large single unit with a large opening 
in the center to receive the differential assembly. The differential and finai 
drive are bolted into the front of the housing, and the axle shafts installed 
from the right and left ends. It is possible with this type of axle housing to 
remove and repair the differential without complete disassembly of the axle 
assembly. Two different banjo-type axle housings are presently in use on 
military wheeled vehicles. One type mounts the final drive assembly in the 
front or rear of the housing. For example, the banjo axle in the accompany- 
ing illustration is a rear axle and the final drive (differential and carrier) is 
rpounted on the front of the housing* 
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(3) The second type of banjo axle mounts the final drive gearing 
on the top of the axle housing. This type axle assembly is used on most of 
the military tandem axle trucks. It is used as a front steering and drive 
axle as well as for both rear driving axles. On military vehicles, this type 
axle uses the double-reduction final drive gearing. 
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5. OPERATION OF LIVE REAR AXLES. As the vehicle operator engages 
the clutch, the rotating motion of the engine i*s transmitted through the 
transmission and transfer case to'the axle by the propeller shafts. The 
propeller shaft is connected to the pinion shaft by means of a flange or yoke 
at the front of the axle and turns the pinion shaft and gear of the final drive. 
This forces the ring gear, which is in mesh with the pinion gear, to turn in 
the direction driven by the pinion. Since the ring gear has more teeth than 
the pinion, it will rotate more slowly. There is, therefore, a loss of speed 
and a gain in torque between the pinion and ring gear. The ring gear is 
solidly fastened to the differential case. Therefore, the entire differential 
assembly turns when the ring gear turns. The spider or differential pinion 
shafts that are mounted in the case are carried along at the same speed as 
the case. When the vehicle is moving straight ahead on a smooth surface, 
the differential pinion gears do not rotate on the spider or cross- shaft. As 
the pinions are carried along with the differential case, they drive the two 
side gears at the same speed as the case. *Each side gear receives the same 
torque. The right and left axles are splined to the differential side gears 
and are driven at the same speed as the turning differential assembly. The 
outer ends of the two axles drive the wheels at the same speed. Now let's 
see what happens in the differential when the vehicle makes a turn. 



r 



a. Let's say that a vehicle goes around a short right turn. Notice thai 
\vhr»n the center of the rear axle has traveled a given distance in the turn, 
the two wheels have traveled two different distances. The outer wheel had 
to travel almost 4 extra feet to keep up with the inner wheel. This means 
the «Miter wheel nad to travel faster than the inner wheel to travel the greater 
distance. This also means the differential side gears travel at two diifcr M 
spot ds. 
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(1) When the differential side gears rotate at two different speeds, 
they cause the pinions or spider gears to rotate on their shafts. The pinions 
walk around the slower 
side gear and force the 
other side gear to turn 
faster or speed up. The 
taster side gear must 
turn the speed oi the 
final drive ring gear 
plus whatever rotation 
is being caused by the 
rotating pinion. The 
pinion rotates as it 
travels between the two 
side gears. The pinions 
continue to rotate on 
their shafts as long as 
the side gear* are at 
different speeds. If the 
vehicle turns in the op- 
posite direction, the pinions will again rotate on their shafts but in the oppo< 
site direction. 




(2.) When the inner wheel slows down in a turn, the outer wheel 
spe ds up the same amount. For example, let's say the ring gear and dif- 
ferential case are rotating 
at 100 revolutions per 
minute (RPM) as the 
vehicle makes a turn that 
causes th«t inside wheel to 
slow down to 7C RPM. 
This is 30 RPM'slower 



L&r'f 
•VHEEL 



RIGHT 
.VH2EL 



STRAIGHT 
AHEAD - 100 - 
SHARP LETT 
TURN - - 70 - 
SLXffiT RIGHT 
TURN - - 110 - 




100 RPM- 



100 RPM- 
100 RPM- 




than the ring gear. The 
outer wheel therefore 
has to be rotating 30 RPM 
faster than the ring gear, 
or 130 RPM. If you look 
at the illustration you can 
see an example of the 
speed relationship of the 
two wheels. Notice that 
the ring gear and, there- 
fore, the speed of the 
vehicle are being kept at 
one speed throughout the 
example. 
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(3) If torque is being applied to the rear axle, such as when goirfg 
up a hill, the torque enters the rear axle through the pinion and is then in- 
creased as it passes through the ring gear. It is then transferred to the 
differential case and the differential pinion shaft and pinions. The pinions 
then apply equal torque to each axle side gear and the torque is transferred 
to the wheels by the axle shafts. 

b. If the tires on one side of an axle with a conventional differential 
lose their grip on the road surface, the wheel will spin. With traction or 
grip on the road gone on one side, that wheel becomes very easy to turn. 
The opposite wheel that still has good traction is hard to turn. This being 
the case, the power flow takes the path of least resistance and goes to the 
slipping wheel. This is possible because of the differential gearing. One 
of the side gears is hard to turn and the other very easy. The driving dif- 
ferential pinions walk around the hard-to-turn side gear and at the same 
time drive the easy-to-turn side gear faster than normal. This is an un- 
desirable feature, but it has not proven enough of a problem to cause a 
change to the types of axles used on military vehicles. 

c A great amount of force is needed to move a heavy vehicle when it 
is stopped. When engine torque is applied to the rear axle, there are forces 
attempting to move in many directions. As the pinion gear tries to turn the 
ring gear, the two gears will tend to be forced apart. Keep in mind that as 
the engine tries to move the vehicle, the vehicle will resist and try to re- 
main at rest. If the pinion gear is of the straight bevel type, the force being 
applied will try to push the xiriving pinion to the front of the vehicle and to 
the side away from the ring gear. A spiral bevel pinion may be pulled in- 
ward toward the differential as it tries to drive the ring gear. At the same 
time the ring gear will try to move to the side away from the driving pinion. 
Some axle assemblies include a thrust pad mounted on the case to the rear 
of the ring gear to limit the amount the gear can move sideways. As the 
ring gear is forced away from the pinion, a twisting force is received by 
the differential carrier bearings. Also, as the ring gear drives the differ- 
ential, the resistance from the wheels causes the assembly to drive against 
the mounting bearings. Inside the case, the differential gears try to push 
themselves apart as torque is applied. This causes both the pinions and 
side gears to press against the thrust washers between the gear and the case. 
When a sudden heavy force is applied to the axle shafts, they tend to twist 
or wind up. The entire axle assembly tries to twist the mounting springs as 
it drives the wheels. The vehicle's springs or torque rods are designed to 
control the twisting effort of the axle assembly. 
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6. CONSTRUCTION OF LIVE FRONT AXLES. One of the requirements 
for tactical military vehicles is all-wheel drive. To trovide this, the front 
axle must be similar to a live rear axle assembly. The main difference 
between the live front and live rear axles is that the front wheels must be 
able to pivot for steering purposes. This also means that the driving axle 
shafts must be able to deliver torque at an angle to the wheels when they 
are turned. There is very little difference in the final drive and differential 
assemblies of most front and rear live axles. On some models of vehicles 
the differential assemblies are made the same in both the front and rear so 
that they may be interchanged. We will, therefore, only cover the construc- 
tion of those parts not found in the rear axle. 

a. The axle housing is a large steel hollow casting that acts as the 
base or mount for all the other parts. On the front axle housing the final 
drive and differential assembly are often mounted off of the center position. 
This is to allow the driving propeller shaft to bypass the engine oil pan. 
The axle housing extends all of the way across the front of the vehicle. 
Each end of the housing contains components for the steering mechanism. 
As with the dead axle, these are the parts of the axle that are hinged to turn 
and provide steering. On the live axle the steering knuckle appears to be 
a large ball joint with each end of the axle housing shaped like a ball. 




CAT 
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(1) The top and bottom of the round end of the housing contain 
mounting points for the spindle or knuckle bearing. Around the outside 
and partly covering most of the round ends of the axle housing are the 
steering knuckle housings. The steering knuckle housing is connected to 
the end of the axle housing by upper and lower knuckle bearings. On this 
type axle" a kingpin cannot be used to hold the bearings in position, because 
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it cannot pass completely through the housing of a live axle. Two short 
icngpins are used on the top and bottom of each end of the axle to aline the 
bearings. These kingpins may be mounted on the axle housing or on a plate 
that bolts to the top and bottom of the steering knuckle housing. 
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(2) Tapered roller bearings help support the vehicle and keep the 
steering knuckle in proper alinement. The bearings also provide a pivot or 
turning point for steering the wheels, bhims are used at the bearing mount- 
ing surfaces to insure proper adjustment. An oil seal, mounted on the inner 
side of the steering knuckle housing, rides on the round surface at the ends 
of the axle housing. The spindle has a flange that bolts to the outside of the 
steering knuckle housing. The spindle also serves as a mounting point for 
the wheel hub and bearings. 



b. The axle shafts are designed to operate in the hollow tube sections 
on each end of the axle housing. The inner end of the axle shaft is splined 
to a side gear in the differential assembly. On most tactical military 
vehicles, the outer end of the axle shaft is splined to a flange. This flange 
is bolted to the wheel hub and provides the means of driving the front wheel. 
The front axle shafts must be able to pivot in the steering knuckle. A uni- 
versal joint provides a means of transmitting power at an angle. A single 
conventional universal joint (the type used in the propeller shaft) does not 
meet military requirements for use on the front axie assembly. Remember 
from an earlier lesson that there are slight fluctuations or changes in speed 

the driven member when a standard U -joint is operated at an angle. 
During steering, the axle shaft in the front live axle assembly must operate 
at angles up to 30°. Because of the large driving angles, a joint has to drive 
the output the same as the input without speed changes. This type of univer- 
sal joint is called a-constant velocity (CV) joint. There are three types of 
CV-joints presently in use in military vehicles. These are the Rzeppa, 
Bendix- Weiss, and Tracta types. All of the axle shafts have an inner and 
outer section. The sections are connected together by the parts that make 
up the constant velocity universal joint. The CV-joint is housed in the 
steering knuckle. Let's see how each type of constant velocity joint is 
constructed. 



2-26 

72 



60 

{1} The Rzeppa-type joint uses six smooth steel balls to provide 
the flexible drive. These balls are mounted between an inner and outer 
race. The outer race is made as a part of the outer axle shaft. The inner 
race is a separate part splined to the outside end of the inside axle shaft. 
A cage is made to fit around the six driving balls and hold them in the proper 
position during vehicle turns. To control the movement of the cage and 
balls, a pilot, spring, and pin are mounted in the center of the outside axle 
at the CV-joint. These control items insure that the steel balls are on a 
line that divides the angle made by the inner and outer axle shafts. 
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(2) The Bendix- Weiss is another constant velocity joint th&t uses 
steel balls to transmit power at an angle, but with slightly different construc- 
tion. Notice in the illustration that both the inner and outer axle shafts have 
yokes made as part of the shaft. The yokes contain races for smooth steel 
balls. These races are long grooves that permit the balls to move back and 
forth as the shaft's drive angle changes. There are four balls mounted 
between the two yokes in the races. A fifth ball is mounted in the center to 
lock the four outer balls in place. The center ball is held in place with a 
pin. When the joint is assembled, the steel balls form a tight fit between 
the inner and outer shafts. The tight fit is necessary since there is no cage 
to move the balls, and movement is controlled by friction between the con- 
necting parts. 
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(3) The Tracta type constant velocity joint is not like the other 
types, since no steel balls are used to provide the flexible drive* In place 
of the balls, two tongue and groove portions are made to mount between the 
inner and outer axles* These two portions, or halves, are called a univer- 
sal joint. The two halves of the universal joint are made as male and female 
to fit together in a floating or movable connection. Each of the two center 
portions is also made to be mounted on one of the axle shaft yokes. The 
yoke, which is made on the inner end of each axle shaft, provides a floating 
connection at the constant velocity joint. When assembled, each of the two 
center portions are able to pivot, or turn, between the other portion and 
connecting axle. The axle shafts are supported in the housing by bushings 
located on each side of the constant velocity joint. 
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7. OPERATION OF LIVE FRONT AXLES. The operation o£ the final dnvv 
and differential assemblies in the live front axle is the same a* those in a 
rear axle. Gear ratios designed to increase engine torque will be the same 
as those of the rear axles on the vehicle. None of the front axle assemblies 
used in wheeled vehicles are designed to be operated under power all of the 
time. Some vehicles have a control in the cab that permits the driver to 
engage the front axle when it is needed. Other vehicles have <i dewce made 
into the transfer assembly to automatically, engage the front-wheel drive 
when the rear tires loose traction and spin. When the vehicle i& traveling 
straight ahead, both the inner and outer axle shafts are on the bame line. 

If the front axle is engaged to the power train, the inner axle shaft will drive 
theconstant velocity (CV) joint. The CV-joint will, in turn, drive* the outer 
axle shafts which are splined to the wheel hubs. As steering arms and rods 
turn the knuckles, the axle shafts will flex at the CV-joint. During the turn, 
the CV-joint will continue to deliver a smooth, steady flow of torque. The 
steering linkage is designed to move both steering knuckles at the Siirm time 
to the proper angle for the turn. 

8. LUBRICATION OF LIVE AXLES. Any time the vehicle is moving, the 
gears of the final drive and differential are turning. The lower part of the 
gear box is filled with gear oil to a required level. This causes the lower 
part of the gearing to turn through a pool of oil each time the unit rotates 
and thereby lubricates all of the working parts. On some types of axle 
assembles, oil flows down each axle shaft housing to lubricate the bearings 
that support the outer ends of the axle shafts or wheel bearings. Lubrication 
of the CV-joints is generally done by packing the joints with GAA (grease, 
automotive and artillery), breather valves are installed in the axle assem- 
bly to allow excess pressure to escape. Pressure will build up in the gear 
box as the unit heats up during operation. The breather valve must be able 
to perform this job without allowing dirt or water to enter from the outside. 



2-30 



7G 



9. DRIVE AXLES OF 1/4-TON TRUCKS, The 1/4-ton utility truck M151- 
series has a final drive that differs from those used in other vehicle 
Each truck of this model is equipped with individual wheel suspension. This 
means that each wheel has its own separate mounting and is not solidly con- 
nected to any of the other wheels. Any of the wheels may move up and down 
as the vehicle follows the road surface without affecting any of the other 
wheels. This type of construction does away with the solid axle tjiat extends 
across the vehicle below the body and frame. The final drive anci differential 
assembly is made as a separate unit. Both the front and rear differential 
assemblies are mounted to the frame of the vehicle rather than in an axle 
"housing. Power is carried from the differential assembly to the wheels by 
means of standard propeller shafts. Universal joints, made in the propeller 
shafts, allow for movement.of the wheels. This type of axle is kno^ n as a 
swing axle* 
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10. FRONT-WHEEL DRIVE ON HEAVY TRUCKS. Some larger trucks used 
by the Army have a front-wheel drive that does not have a CV-joint or uni- 
versal joint in the front axle shafts. The wheels are driven with a combina- 
tion of shafts and gears. A double set of bevel gears replaces the CV-joint. 
Notice in the illustration how torque is delivered to the front wheels using, 
gears. The axle shafts drive the pinion of the first set of gears. The driven 
gear of the first set is solidly connected to the driving j;ear of the second set 
The driven gear of the second set is made as part of the wheel hub. Both 
gear sets use spiral bevel type gearing similar to that in the final drive. 




a. When the wheel is mounted on the wheel hub, power can flow from 
the axle shaft to the wheel. The gearing provides a smooth, even flow of 
power. If the steering linkage is moved to turn the wheels, the gear mounted 
on the wheel hub walks around the driving gear. Two sets of bevel gears 
must be used. The first set of gears turns the power flow 90° or at a right 
angle. A second set of gears is necessary to once more change the power 
flow 90°. 

2-32 



78 



£6 

b. This type front-wheel drive can also provide part of needed axle 
gear reduction in these bevel gears. Notice in the illustratioft above that 
the axie shaft pinion is driving a much larger gear. This is part of the axle 
gear reduction. Some heavy military vehicles have three different gear 
reductions in one front-driving axle. You can see an example of this type 
axle in the accompanying illustration. Notice that the axle has one gear 
reduction in the differential and carrier area and two gear reductions near 
each wheel at the steering pivot. 




11. SUMMARY. In this lesson we have discussed the construction, opera- 
tion, ^.nd use of live and dead axle assemblies. We covered the fundamentals 
of differential and constant velocity universal joint operation and how they 
are used in various vehicles. You should now be able to look at various axle 
components and identify" them by type and understand their operation. 

12, PRACTICE TASKS, The appendix of this lesson contains a list of tasks 
associated with the construction, operation, and types of axle shafts and the 
lubrication of them. They are representative of the tasks you will be re- 
el, red to perform as a wheeled vehicle mechanic. Perform all of the tasks 

i <?d. Be sure you are under the supervision of an officer, NCO f or 
> ialist who is qualified in the MOS when you practice the tasks. If you 
finu you are having difficulty in certain tasks, restudy the appropriate train- 
ing material and practice the tasks until you become proficient in each one. 
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EXERCISE 

Note. - Complete exercises 16 through 35 before continuing to lesson 3, 

16. The driven gear in a single deduction final drive is called a 

a. hypoid gear. 

b. spur gear. 

c. ring gear, 

17. In which type of axle can the axle shaft be removed without removing 
the wheel? 

a. Semifloating i 

b. " Three-quarter floating 

c. Full-floating 

18. What type of wheeled vehicle always uses a live front axle? 

a. Commercial 

b. Tactical 

c. Transport 

19- V/hat type of universal joints are used in the live front axles of most 
types of military vehicles? 



a. Ball and trunnion 

b. Mechanic's 

c. Constant velocity 



20. Which type of joint used in live front axles does not use steel balls? 

a. Tracta 

b. Bendix-Weiss 

c. Rzeppa 

21. The bevel drive reduction gears in a single reduction final drive cor 
si st of the pinion and the 

a. spider gear. 

b. ring gear. 

c. side gear. 



2-34 

SO 



22. On which type of axle is most of the vehicle weight and wheel side 
thrust absorbed by the axle housing? 

a. Full-floating 

b. Three-quarter floating 

c. Semifloating 

23. If the driving gear in a final drive has 10 teeth and the driven gear 
has 45 teeth, the gear ratio is 

a. 4.5:1. 

b. 3.5:1. 

c. 1:4.5. 

24. In a live axle the inner ends of the axle shafts are connected to the 
differential 

a. spider gears. 

b. side gears. 

c. case. 

25. The type of axles used on the 1/4-ton truck M151 are known as 

a. plain live axles. 

b. independent axles. 

c. swing axles. 

26. Which statement is true in regard to wheel speed when a vehicle is 
• making a turn? 

a. The inside wheel rotates slower than the outside wheel 

b. The outside wheel rotates slower than the inside wheel 

c. Both the inside and outside wheels rotate at the same speed 



Z7. What is ofTe undesirable feature in the bevel gear differential? 



a. It v^Ul not move the vehicle if one wheel loses traction 

b. It is difficult to lubricate satisfactorily 

c. It cannot be used on vehicles with swing axles 

28. An axle that delivers r*> power to the wheels is called a 

a. steering axle. 

b. dead axle. 

c. suspension axle. 
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What part of the drive mechanism is bolted or riveted to the differential 
case ? 



a. Pinion gear 

b. Ring gear 

c. Side gear 



30. Which statement is true in regard to differential side gear operation 
when a wheeled vehicle is rounding a turn in reverse? 

a. The gears turn in the same direction at the same speed 

b. The gears turn in the same direction at different speeds 

c. The gears turn in opposite directions at the same speed 

31. What is a disadvantage of the split-type live axle assembly? 

a. Full-floating axles cannot be used due to housing design 

b. Final drive gearing and differential are exposed to dirt and water 
c # Entire assembly must be removed from vehicle to service differ- 
ential 



32. In what part of a live front axle housing are the CV-joints located? 

a. Spindle 

b # Knuckle 

c Differential 

33. Why is the center of a dead front axle usually dropped several inches 
below its ends ? 

a. Increases the road clearance 

b. Lowers the vehicle's center of gravity 

c. Decreases the weight on the springs 

34. The steering knuckle pin in a dead front axle is also called a 

a. kingpin. 

b. lockpin. 

c. pivot piri. 

35. What components of a live front axle assembly are packed with CAA 
(grease, automotive and artillery) for lubrication purposes? 



a. Differential gears 

b. Final drive gears 

c. Constant velocity joints 
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APPENDIX 

PRACTICE TASK LIST 

Practice Objectives Alter practicing the following u»k* you will 

be able to: 

I. Locate the axle?, on veluclt > in \our 
organization. 

1. Differentiate bctw een a dt ad axlt a.-^tiii- 
bly and a live axle a**t niWj , 

3. Trace the power How through a final 
drive assembly to the wheel* ol a i 7 4- 
ton truck Ml S I . 

♦ 

4. Point out tin lot ation -)l tin * oinp jiu nt - 
of the 2-1/2-ton front axlt i--< mbl\. 

5. Locatt the lubrualioii points on \-.rioi.-. 
axlt 

Pr.utut la ^ks . 

1. Now lh.it >ou have ^tuditdthi* l«>^un \ou should look .it at tu.d t\l* 
,,^ im l)li^ on \ elude** within your organization. p rat titin« tin lollov - 

in» ta»k> >ou should have better unci-. r^landini; ol whet led \elm l« txh 
con*t ruction and operation: 

a Locate the a\l^ on mm-imI t\peti of vehicles in >our unit. P.t\ 
particular attention to how they are u*ed to support the whuh 



b. Compare dt ad axlt h used on trailer* with tho*e umcI on th< tront 
ot comim reial-typt whidt*. Mentally identify the dilh rt nt t 

Conipan tht dead and live front axle* ol winder*. Idt ntu\ th« -t 
tMU rt m i m > m the >ti erini* pnoU of the t ront axles, 

d. Jiii k up tb-* whet U on om t nd of a I / 4-ton t ruck Rotatt tht dri\< 
-haft and obs. r\e tht wheels turning Hold one wheel and notitt how tin 
rote tiny w lit i I mm i d * up. 

Pi, Mil <>nt Hit location ot the t ompoin nt s ol a 2-1/2-ton li\t tront 
,\|,. Dtttrnunt H tht Lnal clriv e i s a Pilule reduction or a double n clue linn 
t\pt .j i a I'lsia, 
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f. Locate the lubrication points and vents on various axles. Notice 
the levels of lubricant in the final drives of each axle. 

N g. If possible, look at a live front axle that has been disassembled 
Identity the types of .years in the final drives and determine what type C V- 
joint is used in the axle. 

i. If you have any problems with any of the practice tasks, studv the lesson 
.some more to hAp you with the tasks. 



1/ 
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US ARMY ORDNANCE CENTER AND SCHOOL n 
CORRESPONDENCE/OJT COURSE 
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LESSON ASSIGNMENT SHEET 

Ordnance Subcourse No 63B206 . . Wheeled Vehicle Drive Lines, 

Axles, and Suspension Systems 

Lesson 3 Maintenance of Axles 

Credit Hours . Three 

Lesson Objectives r . . . After studying this lesson you will 

be able to: 

1. Explain the procedures for 
inspecting axle assemblies* 

2. Describe the procedures for re- 
moving and replacing the front 
axle shaft of a 2-1/2-ton truck. 

3. Describe the procedures for 
steering knuckle boot replace- 
ment. 

4. Describe the procedures for 
inner wheel bearing seal replace- 
ment. 
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5, Describe the procedures for 
wheel bearing and seal replace- 
ment on a 1/4-ton truck M151, 

6, Describe the procedures for differ 
ential pinion seal replacement, 

7, Describe the* procedures for re- 
placing the differential side gear 
seal, 

8, Describe removal procedures for 
the front axle assembly of a 
2-1/2-ton truck. 



9. Describe the procedures for re- 
placing the rear axle assembly 
of a 2-1/2-ton truck, 

10. Describe the procedures for re- 
placing the differential of a 1/4- 
ton truck M151, 



Materials Required. 



ALL STUDENTS. Answer sheet and 
exefcisd response list. 



Suggestions 



CORRESPONDENCE/OJT students. 
See appendix. 

Refer to the illustrations while reading 
the text. 



$8 
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1, INTRODUCTION* Wheeled vehicle axles are subject to rough treatment 
any time the vehicle is 
moving over an uneven 
surface. This is espe- 
cially true of military 
tactical vehicles when 
they travel cross country 
without the use of im- 
proved roads. Due to 
the rough usage of axles, 
you will have to inspect 
them quite often and 
attempt to find small 
troubles before they 
develop into big 
troubles. 




a. There are two major ty^es of axles or axle arrangements you will 
work on mostly. As discussed in the previous lesson, we have the inde- 
pendent suspension type 
that is used with the M151- 
se^ies 1/ 4-ton trucks, and 
then we have the solid- 
housing type used on most 
other trucks. Inspection 
procedures for all solid types are about the same, while those for the in- 
dependent suspension type will differ considerably. 
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Axles must be inspected and serviced properly if they are to do 
•their job properly. Faults such as 
loose bolts, cracked housings, leak- 
ing seals, and other minor troubles 
will eventually lead to a major repair 
job if they aren't corrected as soon 
as possible. If minor repairs are 
not made when they occur, a vehicle 
could very well have to be evacuated 
to higher Levels of maintenance at a 
latet date. 



.««• s. srhlicmkrt bank 

■uty >hn!l bf ivrfrrnui. only oy 
tr^r 'imr-jtO uuthsnmf.... 




C. Our discission in this lesson will cover the various maintenance 
procedures for inspecting, repairing, and replacing front and rear axle 
assemblies and axle components on the M151-series l/4v{on trucks and 
2-1/2- ton, 6X6 trucks. 

2. INSPECTION PROCEDURES. The first types of axle assemblies we 
will discuss are those used on the 2-i/2-ton truck-, M35A1 and M35A2. 
These trucks have one driving front axle assembly and two driving rear 
axles. All axles are of the top-mounted, double-reduction, single-speed 
type. The two rear axle assemblies are exactly aiike. The front axle is 
similar but contains additional features to allow the front wheels to pivot 
to steer the truck. 

a. Uke almost everything else, before any repair is done on an axle 
assembly, you should know what needs repairing. One way to find this out 
is by a thorough inspection. Let's se^ how you go about inspecting the axle 
assemblies. 

b. When inspecting the rear axle assemblies of a 2-1/2-ton truck 
M35A1 or M35A2, use the following as a guide: 

(1) Take a look at the axle assembly Can you see anything that 
would ^nake the axle assembly unserviceable? 



(2) Use a lug wrench to see if all lug nuts are tight. 
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(3) Check all other nuts, bolts, and screws to see if they a 
present and tight. 



(4) Check the spring guide bracket, torque rods, and torque rod 
brackets for condition and secure 
mounting. Check the differential 
for leaking seals or gaskets. 




(5) Check for plugged or leaking housing vents. 

(6) Check for loose or damaged companion flanges (where the 
propeller shaft is attached to the differential), 

(7) Check the lube level in the differentials, 

(8) Check for broken axle shafts. First, block all wheels not 
being checked and then jack up the wheel that is driven by the shaft being 
checked. Put the transmission and transfer case in gear. Try to turn the 
wheeL If the wh 1 turns without turning the propeller shaft, the axle is 
broken or the differential is unserviceable, 

'9) Check all areas of the axle assemblies for brake fluid and 
lubricant leaks. 



r 



(10) Check wheel bearing adjustment. If the wheel bearings are 
adjusted properly, only a slight amount of movement between the brakedrum 
and the backing plate will be found. (The wheel must be jacked up foi this 
^$k$ck. ) 

^/ (11) Check the entire axle assembly for excess dirt or damage that 

may be seen. 



(12) Road test the vehicle. Listen for excessive or unusual noises 
in both the front and rear axle assemblies. 
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c. To inspect the front axle assembly of a 2-1/2-ton truck M35A1 or 
M35A2, make all of the checks that were made on the rear axle, plus those 
for the steering system. Check for bent or damaged steering components. 
Examine the tires for excessive wear due to misalinemer.t of axle steering 
components. Before making a toe-in check and adjustment, the wheel bear- 
ings must be properly adjusted and the tires must be inflated to the correct 
pressure. The vehicle must be on a smooth, level surface, with the wheels 
in the straight-ahead position. There are two methods that can be used to 
check and adjust the toe-in of an M35A1 or M35A2 truck. 

(1) Place a toe-in gage between Jie tires ahead of the axle and 
with the ends of the gage against the tires 1 sidewalls (the figure shows the 
toe-in gage being used on a different type vehicle, but it is used the same 

way on the M35A1 and 
M35A2). Both chains 
must be the same dis- 
tance from the floor in 
order to make sure the 
gage is positioned 
properly on each wheel. 
Set the gage so the 
pointer measures zero. 
Move the truck forward 
until the chains are the 
same distance from the 
floor in back of the axle 
as they were in front. 
The pointer will now show the amount the wheels are either toed-in or toed- 
out in the front. The correct setting is l/16th to 3/ 16th of an inch closer in 
front than in back for vehicles using 9. 00X20 tires. On trucks having 11. 00 
X20 tires, the correct toe-in is l/16th to l/8th of an inch. Corrections to 
toe-in are made by changing the length of the tie rod with the tie rod end 
adjustments. Toe-in adjustment is made by adju3ting the tie rod. Lengthen 
the tie rod to increase toe-in. Shorten the tie rod to decrease toe-in. 

(2) The second method consists of making a scribe mark in the 
center of the front of each front tire at the same height fiom the floor as 
the center of the axle. Using a steel tape, measu, e the distance between 
the two marks. Then roll the vehicle forward until the marks are the same 
distance from the floor as they were in front, and measure the distance 
between them. Make the necessary adjustments to the tie rod to bring the 
toe-in to the pi-oper amount. 
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3. INSPECTION OF M151 -SERIES TRUCK AXLES, 
at the 1/4-ton truck 
M151. This vehicle 
does not have an axle 
assembly as we know 
it. Instead, it has a 
drive assembly bolted 
to the frame rails and 
swing axles to the 
wheels. This is true 
of both front and rear 
drive assemblies 



Now let's take a look 




ma n* mom Am <*xn f 

0**t JKXt AMO—n 



UAH 



a. To inspect these drive assemblies, use the following as a guid 

(1) Check the differential for secure mounting, leaking seals and 
gaskets, and for damage to the drive and side gear flanges. 



(2) Check the breather 
, valve, It is located at the top of 
the differential. 




(3) ChecK the wheel drive shafts and universal joints for wear, 
damage, and proper mounting. (The slip joint end should be connected to 
the differential. ) 

(4) Check the wheel drive flanges and the spindle hub for damage 
and secure mounting. 

(5) Road test the vehicle and listen for excessive or unusual noise 
in both the front and rear drive assemblies. 
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b. When inspecting the front drive assembly of the Mi5i truck, use 
the same procedures 
used on the rear. In 
addition, inspect the 



bail joints for service- 
ability and examine 
the tires for excessive 
wear due to rnisaline- 
ment of steering com- 
ponents. 





c. Use rhe same procedures listed for the 2-1/2-ton truck M35A1 to 
check and adjust the toe-in on the 1/4-ton truck M151. The toe-in on the 
Ml 51 should be centered with the steering wheel approximately 1-5/16 turns 
back from the stop. One spoke of the steering wheel should be in line with 
the center of the steering column. This is the straight-ahead position. The 
toe-in setting is 1/32 to 5/32 of an inch. 

SECTION H. REPAIR OF AXLE ASSEMBLIES 

4. REMOVAL AND REPLACEMENT OF FRONT AXLE SHAFTS ON 2-1/2- 
TON TRUCKS. At times when you are servicing or repairing 2-1/2-ton 
trucks, it will be necessary for you to remove and install the front axle CV- 
joints and shafts. The procedures we will discuss in this lesson apply to 
the M35A1 and 1^35A2 trucks. However, the procedures for other 2-1/2- 
ton trucks are muck the same. 

a. First, block the front and rear wheels that you won't be working on* 
Make sure the vehicle cannot roll forward or backward when you have the 
front axle up on jacks and blocks. Anytime you are working on heavy equip- 
ment and have it jacked up, use extra care so that you will not be injured by 
tlie equipment falling. 

(1) Jack up a front wheel and support the axle w.,th blocks or a 
jack stand. (Never trust a jack alone. ) 

(2) After the wheel is raised the *heei and tire must be removed. 
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(3) Next you need to remove the bolts and washers that holdHhe 
drive flange to the hub. 




rLMiNoc ORD E19188 

(4) You can now remove the flange and discard the gasket. 





c?a R LYL GASKET 
FLANGE 



HUB 
ORD E19189 
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(6) This frees the outer 
wheel bearing adjusting nut so it 
can be removed by using a wheel 
bearing nut wrench. 





(7) The adjusting nut lock and the inner adjusting nut can now be 
removed. 
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(8) Move the brakedrum until the outer bearing moves out on the 
spindle. Remove the bearing, using caution not to get it dirty or drop it on 

the floor. The hub and 
brakedrum can now be 
removed. 




SPINDLE 



OUTER 
WHEEL 
BEARING 



HUB AND 
BRAKEDRUM 
ASSEMBLY 

ORD E19192 



(9) Slide the inner wheel bearing off from the spindle by grasping 
the back of it with your fingertips. If the bearing is stuck on the spindle, 
pry it gently with a roll- 



ing head pry bar until it 
breaks loose. After the 
bearing is removed, the 
brakedrum oil slinger 
(oil seal), seated behind 
the inner bearing, can 
be rem6ved. 




97 



(10) Now remove the nuts and lockwashers that secure the backing 
plate and spindle to the steering knuckle. Remove the backing plate slowly 

so that you don't damage 
*SP!NDLE"3 NUTS V.ttM tlae ^ exi ^le brake line 

[LOCKWASHERS H connected to the back of 
j 0?) v ' jfcfl the plate. Using heavy 

cord or lacing wire, 
fasten the backing plate 
up to the truck spring or 
frame in a location be- 
hind the spindle. 




BACKING 
PLATE 



ORD E19266 



(11) Slide the steering spindle off from the steering knuckle studs 
and off the end of the axle 
shaft. 




SPINDLE 



■ . .V- 
ORD El 9268 
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(12) v The front axle shaft canjiow be pulled from the axle housing. 
When the shaft is removed it should be inspected to see if it is serviceable. 

Before doing this you 
shpuld thoroughly wash 
the axle shaft and univer- 
' sal joint in dry-cleaning 
solvent or mineral -spirits 
paint thinner. Also wash 
the inside of the steering 
knuckle and the outer end 
of the housing. 



4 AXIE SHAFT 
ASSEMBLY 




b. The balls and races should be inspected for grooves, scratches, or 
pits. Now place the axle shaft assembly in a vise with the outer shaft up. 
The jaws of the vise should grip the inner shaft just below the universal 
joint. Wood or soft metal protectors should be used in the jaws of the vise* 
To check for wear, push down on the outer shaft so it rests on the inter- 
mediate ball and, at the same time,, try to twist the joint in both directions. 
There should be no play or backlash. The shaft should be examined for 
nicks, cracks, or other damage. If either the inner or outer- shaft is 
twisted, bent, damaged, or excessively worn, a new axle shaft and universal 
joint assembly must be installed. If the splines on the side* gear end of the 
inner shaft are worn excessively, it is possible that the side gear splines 
are also worn in a similar manner. In this case you- should notify direct 
support of this condition. If the axle shaft is serviceable, prepare to install 
it in the axle assembly. 

c. Before reinstalling the front axle shaft and universal joint, it must 
be lubricated. To do this, pack new lubricant well into the universal joint. 
Use GAA (grease, automotive and artillery) for this purpose. Fill all the 
spaces between the balls and the universal joint yokes. Also spread lubri- 
cant on the surfaces which contact the spacers and bushing-type bearing. 
Lubrication Order (LO) 9-2320-209-12 covers the type lubricant to use. 

d. After the axle shaft and universal joint assembly is lubricated, it 
can be inserted into the axle housing. Care must be taken not to damage 
the oil seal in the outer end of the housing. Also, the splined end of the 
inner shaft must be guided into the splined differential side gear. 
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(1) Position the steering spindle on the steering knuckle studs. 

(2) Then install the brake backing plate and secure it in plac£. 
Slide the oil slinger and inner bearing in place on the spindle. * 

(3) Replace the hub and drum and outer bearing cone. Start the 
inner adjusting nut. Do not install the nut lock and outer adjusting nut at 
this time. The wheel bearings still have to be adjusted, so now replace 
the wheel and tire. 

e. To adjust the bearings, turn the whe<*l and, at the same time, 
tighten the inner nut until the wheel binds. Use the wheel bearing nut 
wrench to tighten the nut. Now; back the nut off about l/8th of a turn, so x 
the wheel will turn freely. To check the adjustment, either grasp the tire 
at the top and pull back and forth, or use a pry bar under the tire. Almost 
no movement should be seen between the brakedrum and the brake backing 
plate flange. I 

f. After the bearings are adjusted, install a new adjusting nut lock 
and bend the tabs over the inner nut, install the outer nut, and tighten. 
Recheck the adjustment; then bend the adjusting nut lock to lock both nuts 
in place. Install the drive flange (use a new gasket) and install the washers 
and bolts securing the drive flange to the hub. 

5. REPLACEMENT OF STEERING KNUCKL£ BOOT ON 2-1/2-TON 
TRUCKS. Another job of the organizational mechanic is to remove and 
replace the front axle steering knuckle boot on a 2-1/2-ton truck M35A1 or 
M'35A2. 
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(1) Cut the old boot off from the axle, and loosen the outer clamp. 




AXI^E • 
HOUSING 



BOOT 



ORQ E19271 

(2) Next, loosen the inner clamp and remove the remainder of th< 



boot. 



(I 




b. Replacement boots are cut along the mold line and have a zipper 
vulcanized or sewed in place to the inside of the boot. The boot is part of 
a kit which contains one boot and a tube of sealer cement. The boot must 
be installed inside out over the axle housing, with the zipper side of the 
boot away from.the axle. After the boot is in place, close the zipper and 
seal the zipper with the cement furnished with the kit. 
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1M 2 


9 CLAMP 1 




y groove! 



STEERING 
KNUCKLE 



(1) Next, position the boot with the word "TOP" alined with the 
center of the steering knuckle upper sleeve. Work the clamp groove, which 
is in the small diameter 
end of the boot, over the 
clamp groove in the axle 
housing. Install the 
inner clamp and tighten 
it; making sure that the 
boot is in the axle groove 
and well sealed./ The 
boot must now be pulled - ' 
right side out over the 
inner clamp. 

m 




* * - 2) J^f, W ° rk la ^ e ******* of the boot over the groove in 
the steering knuckle.. Be sure the booties not twist. Now instfll tT ' 

outer clamp and tighten it, 
maKing sure that the boot 
,is clamped in the knuckle 
groove. The zipper should 
then be locked with fine 
*wire near the edge of the 
boot and the excess zipper 
cutoff. After this, apply 
cement to. the , zipper and 
the inside of the cut in the 
boot. 




(3) finally, inotall the boot guard and secure it to the knuckle with 
the screws and lockwashers. 



\ 
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6, REPLACEMENT OF INNER WHEEL BEARING SEAL, A leaking front 
axle inner wheel bearing seal on a 2-1/2-ton truck M35A1 or M35A2 is 
also replaced at the organizational maintenance level. To do this, jack up 
the wheel and support the axle with blocks or a jack stand. The wheel and 
tire and hub and drum assembly should be removed as described in the 
replacement of the front axle shaft. 

a. Slide the inner bearing from the spindle and remove the inner 
bearing seal. 

b. Install tl^e new seal and inner wheel bearing on the spindle. After 
installing the hub and 
drum, the wheel bear- 
ings will have to be 
adjusted as described 
earlier in this lesson. 
After the bearings are 
adjustedfreplace the 
axle flange and remove 
the blocks or jack 
stand. < 




7, WHEEL BEARING AND SEAL REPLACEMENT ON 1/4-TON TRUCKS 
M151. We found during the inspection portion of this lesson that the 1/ 4- 
ton truck M151 does not have an axle assembly like the 2-1/2-ton truck. 
So let's take a look at how you should go about replacing* some of the parts 
on this type of front suspension and drive (also known as a swing axle). 
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(1) Raise the front wheel clear of the ground and support the 
vehicle with blocks or a jack stand. 



(2) Remove the wheel and 
tire assembly and back the brake- 
shoes away from the drum. 




(4) Next, remove the 
cotter pin, flange nut, washer, and 
spindle hub from the spindle flange. 





(3) Now remove the retain- 
ing screws and slide the brakedrum 
off of the spindle hub. These screws 
and the wheel lug bolts secure the 
drum on the hub. 




(5) The next step is to re- 
move the nuts and lockwashers and 
disconnect the universal joint at th*> 
drive flange. 



3 - 18 i04 



(6) s Move the wheel drive 
shaft aside and pull the wheel drive 
flange from the support. 





<- b. If the brakeshoes are to be 
replaced, insert a suitable tool in 
the conical brakeshoe holddown 
spring. Push the spring through the 
backing plate and force it to one side 
until it is free of the holddown 
anchor. 



(1) You can now unhook 
and remove the shoe retracting 
spring from the anchor pin and 
brakeshoe. 





(2) Both brakeshoes, with 
their adjusting screw and adjusting 
spring, can now be removed from 
the backing plate. 
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c. Remove the cotter pin and 
nut securing the tie rod end to the 
steering spindle arm. 




(2) Now loosen the nut 
and disconnect the brake cylinder 
tube from the backing plate. 





✓ ORD £39242 ^ 



(1) Using a suitable puller, 
separate the tie rod end from the 
spindle arm. 




OSD E29205 
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(4) Do the same with the 
three bolts and nuts on the lower 
control arm. You can now remove 
the support and backing plate. 




.A. 



SUPPORT 




*V : I* 
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(6) Now pry the outer seal 
and retainer from the support. Using 
a brass drift, loosen the bearing cup 
and remove it from the support. 



C 
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(5) To separate the back- 
ing plate from the support, remove 
the brake backing plate retaining 
bolts and lockwashers and remove 
the backing plate from the support. 





SPINDLE 
HUB 
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(7) The outer bearing 
should now be removed from the 
spindle hub. 
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(8) Next, loosen the inner 
bearing cup and seat, using a block 
of wood or a soft metal drift. 




ST- 




(9) Remove the seal from 
the support. 



(10) Then remove the bear- 
ing and cone and cup. 




d. You are now ready to start installing the new parts. 
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(1) First, position the new 
inner bearing c « in the spindle 
support. 





(2) Next, seat the cup, 
using a suitable driver. 



(3) The bearing and cone 
will now have to be packed with auto- 
motive and artillery grease (GAA) 
and positioned in the cup. Before 
installing the seal, coat the outside 
seating surfaces with sealer and the 
lip of the seal with grease. 




RD £39225 . 
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(4) Position the seal in 
'the support. 



(5) Seat the seal, using a 
special replacer. 




(6) Coat the inside of the support bearing bore with a l/16th-inch 
layer of grease (GAA). 




(7) Next, coat a quarter 
section of the space between the 
bearings with GAA. Now coat the 
lips of the seal with GAA, and coat 
the- seating surfaces with sealing 
compound. 
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(8) Install the seal on the 
support, using a sperial replacer. 




' V" 1 



V - v - 





smote 



(9) The outer bearing cone 
should be packed with GAA and in- 
stalled on the spindle hub with an 
improvised tool. 



(10) After the bearing has been installed, position the backing plate 
on the support and replace the retaining bolts and lockwashers. 

e Position the support and backing plate on the suspension arms, and 
replace the ball joint retaining bolts and nuts in the lower control arm and 
in the upper control arm. 

(1) Next, connect the brake cylinder tube to the backing plate and 
tighten the nut. 

(2) The tie rod end should now be replaced in the steering spindle 

arm. 
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**} When replacing the nut securing the tie rod end joint to the 
steering swindle arm, it should be torqued to 50-60 lb-ft and the cotter pin 
replaced. 

(4) If the brakeshoes were removed, position them with the adjust- 
ing screw assembly and the adjusting spring on the backing plate. 

(5) Next, install the shoe retracting spring. 

(6) Now push the wheel drive flange into the support. 

(7) Connect the universal joint to the drive flange and replace the 
nuts and lockwashers. 

(8) Reinstall the spindle hub, washer, and flange nut. Do no.t in- 
stall the cotter pin at this time for the wheerbearings still have to be ad- 
justed. 

i 

(9) Replace the brakedrum and retaining screws. 

(10) The flange nut should now be tightened to 30 lb-ft torque. 
Turn the spindle while tightening to insure the proper seating of the bearing 
assemblies. 



(11) Next, back the flange 
nut off one complete nut castellation 
to aline the cotter pin holes. This 
adjusts the wheel bearings. Notice 
that the drive flange has two through 
holes for the cotter pin. Install the 
cotter pin, using the hole that allows 
backing off of the flange nut the 
distance of one castellation. 
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f. The wheel and tire can now be installed and the brakes adjusted. 
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(1) To adjust the brakes 
you will have to first pry the cover 
from the adjusting hole in the back- 
ing plate. Use the hole toward the 
front of the vehicle. 






(2) After the cover is re- 
moved, insert the adjusting tool 
through the opening and engage the 
star wheel of the adjusting screw 
assembly. 



(3) Turn the adjusting screw until the wheel cannot be turned with 
one hand. Then back the adjusting screw off 11 clicks. Check your adjust- 
ment and install the adjusting hole cover. This should be done on all wheels. 

8. REPLACEMENT OF DIFFERENTIAL PINION SEAL ON M151 TRUCKS. 
The organizational maintenance mechanic is authorized to replace a differ- 
ential pinion seal on a 1/4-ton truck M151, so let's see how you would go 
about doing this job. 



a. Remove the universal joint 
bolts from the differential end of the 
propeller shaft. 
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(1) Remove the tab lock 
and pull the flange from the shaft. 
The seal can now be removed. 



c After the propeller shaft 
is removed, straighten the tabs at 
the end of the pinion drive flange 
and remove the nut and washer 
from the pinion. 




(2) Before installing the new seal, lubricate the pinion shaft seal 
lips with GAA and codt the outside seating surface with sealing compound. 

(3) Position the new seal with its lip toward the differential, and 
install it by tapping lightly on the rim. 

(4) After the seal is seated, replace the flange on the pinion shaft. 

(5) Next, replace the tab lock, washer, and nut on the pinion shaft. 
Torque the nut to 40-45 Ib-ft and bend the tab lock over it. 
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d. The propeller shaft has to be reinstalled, so position the transmis- 
sion end of the propeller shaft on the drive flange. 

(1) Install the universal joint retaining bolts and torque them to 
28-33 lb-ft. 

(2) Finally, position the differential end of the propeller shaft and 
universal joint, install the retaining bolts, and torque to 15-20 lb-ft. 

9. REPLACEMENT OF DIFFERENTIAL SIDE GEAR SEALS ON Ml 51 
TRUCKS. The differential side gear seal can also be replaced at the organ- 
izational maintenance level. 



/ 




<► (1) You should secure the loose universal joint bearings with tape 
to keep them from falling off the cross. 

(2) ' Now slide the wheel drive shaft universal joint yoke toward 
the wheel to separate the universal joint from the flange. 




ERLC 



3-29 



115 



(4) Pull the flange t,ff the 
side gear. 




b. Next, install the new side 
gear flange seal and retainer and 
replace the flange on the side gear. 
Install the bolts and lockwashers. 
The bolts should be torqiied to 40- 
45 lb-ft. Finally, remove the tape 
and position the universal joint and 
install the U-bolts and nuts. 




(5) Pry the sid^ gear 
flange seal and retainer from the 
differential. 
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SECTION in. REPLACEMENT OF AXLE ASSEMBLIES 



10. 2-1/2-TON TRUCK FRONT AXLE ASSEMBLY REPLACEMENT. The 
removal and^ replacement of axle assemblies and drive differentials is not 
usually done at the organizational maintenance level. KoweVer, you may 
be working with support maintenance teams at your unit and you will then 
have need for a knowledge of how the job is done. 

a. The first job we will cover is the removal and replacement of a 
front axle assembly on a 2-1/2-ton truck M35A1 or M35A2. 



(1) The truck should be placed on a level surface, with the hand- 
brake applied to prevent the truck from rolling. 

(2) Then place a dolly-type jack under the differential housing and 
raise the front end of the truck high enough to allow the axle assembly to be 
removed. 



(3) Place blocks under the frame side rails at the rear of the front 
spring hanger bracket. 

(4) Lower the jack until the weight of' the front end rests on the 
blocks, but leave the jack high enough to support the axle. 



(5) The wheels and tirec should now be removed and the propeller 
shaft disconnected at the front end. After the propeller shaft is disconnected, 
it should be taped to prevent the universal joint from becoming damaged or 
filled with dirt. 

b. Remove the cotter pin from the steering arm end of the drag link 
and unscrew the adjusting plug as far as possible without removing it. 




twice • ** 
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(1) Turn the steering wheel in both directions to loosen the stud 
ball in the seat. After the seats are loose, remove the adjusting plug from 
the steering arm end of the drag link and pull the link from the steering arm. 
Be careful not to lose any of the drag link parts. Tip the link down and re- 
move the ball seats, spring, and safety plug, 

(2) Disconnect the flexible brake line between the front axle and 
the frame at the frame end. 

(3) Remove the nut, grommet retainer, and grommet from the 
lower end of the shock absorber* 




(4) Next, remove the nuts and lockwashers from the U- bolts and 
remove both clamp plates. 



c. You can now lower the jack until the axle clears, remove the ^ring 
seats from the axle, and pull the axle from under the truck. Make sure the 
brake lines are, not damaged. Remove the second grommet and retainer 
from the shock absorbers. The axle air breather valve will be used on the 
new axle, so remove and clean the valve and install it in the new axle. 

d. Place the new axle on a dolly-type jack and move it into position 
under the truck. With the axle in position, place the spring seats on the 
axle and raise the axle in position against the springs. Be sure the spring 
center bolt heads enter the alinement holes in the axle spring seats. 
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(1) Now place the saddles on the springs and install the U-bolts 



(2) Next, install the clamp plates and install the lockwashers and 
nuts on the U-bolts. The nuts should be tightened to 170-180 lb-ft torque. 

(3) Now install one retainer and mounting grommet in place on 
each stud at the lower end of the shock absorbers. After you collapse the 
absorbers you can insert the studs in the clamp plates. Then install the 
second grommet and retainer on each stud end and secure them with the 
hex nuts. 

e. You can now connect the hydraulic line. The front end of the 
propeller shaft can also be connected to the axle assembly, 

(1) Next, install the safety plug in the steering arm end opening 
of the drag link. Be sure the small diameter of the plug is facing the open- 
ing* Now install the* spring and one ball seat. 

(2) After those parts are in the drag link, position it on the steer- 
ing arm. Press the link over the ball so that the ball enters the ball open- 
ing and mates with the* cupped surface of the ball seat. 

(3) Install the second ball seat in the end of the link and screw the 
adjusting plug into the link. 

(4) To adjust the drag link, screw the adjusting plug in tight and 
back off about one-half turn or less, or just enough so that a new cotter pin 
xan be installed. 

(5) Mount the wheels and tires; then remove the blocks and jack 
from under the truck. With the weight of the truck now resting on the" 
springs, all the nuts on the spring mounting bolts should be checked for 
tightness. 

f. The front-wheel brakes musjt be bled after replacing the axle. 
Brake bleeding is covered in a later subcourse. Finally, check the lubrica- 
tion of the axle assembly and the universal joints as instructed in LO 9-2320- 
209-12. 
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11. 2* 1/2- TON TRUCK REAR AXLE ASSEMBLY. REPLACEMENT. If one 
of the rear axle assemblies on the 2-1/2-ton truck M35A1 or M35A2 is to 
be replaced, the procedure will be a little different Let's see what has to 
be done on this task* Again the truck should be on a level surface. The 
front wheels should be securely blocked to keep the truck from rolling. 
After the wheels are blocked, raise the rear of the truck with a hoist and 
a suitable sling under the frame. Use spreader bars to protect the truck 
body and soft wood blocks where' the sling wraps around the corners of t 
body. The frame of the truck should be supported with safety jacks. Pl w ce 
the safety jacks in front of the rear axle assembly, under the right- and 
left-hand frame rails. Another method that can be used is to raise both 
sides of the rear axle assembly with lifting jacks. Then place the safety 
jacks under the frame rails and remove the lifting jacks from the rear axle. 
This removes the weight of the vehicle from the springs. Now place a dolly- 
type jack tinder the center of the axle to be removed and raise it enough to 
take the weight off of the axle. 

a. Next, remove the wheels and tires from the axle housing. 

(1) Disconnect the brake lines and propeller shaft or shafts, as 
necessary, to free the axle. 

(2) Remove the torque rods from the upper and lower brackets on 
the axle. With the axle resting on the dolly, movent, to the front or rear, 
as necessary, until the spring ends are free of the' guide brackets. Then 
remove the axle from under the truck. 




b. As on the front axle, the breather valve must be removed, cle 
and installed on the new axle assembly. Then you will need to place the axle 
on a dolly-type jack and move it into position under the truck, Guide the 
spring ends into the guide brackets on the axle housing as you raise the axle 
into position. Next, install the torque rods on the brackets of the axle and 
connect the propeller shaft or shafts as necessary. 




(1) Connect the brake lines and bleed the brakes. 

(2) After bleeding the rear wheel brakes, install the wheels and 
tires. The safety jacks can now be removed and the vehicle lowered to the 
ground. The axle and propeller shaft universal joints should be lubricated 
as directed in LO 9-T320-209-12. 

12. M151 TRUCK DIFFERENTIAL REPLACEMENT. As we have mentioned 
before, the 1/4-ton truck M151 does not have an axle assembly like the 
2-1/ 2-ton truck. But it does have differentials, so let's see how you would 
go about removing and replacing the front one. 
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a. First, remove the two nuts, 
bolts, and lockwashers securing the 
flange guard to the bumper. The 
flange guard is also attached to the 
differential by two screws, flat 
washers, and lockwashers. After 
these are removed the flange guard 
can be removed. 




(1) Next, remove the nuts lockwashers, and U-bolts securing, 
the wheel drive shaft universal join'.s to the differential/ ' 

(2) Remove the bolts securing the front' propeller shaft universal 
joinc to the differential drive flange, 



(3) Remove the bolts, flat 
washers, and locknuts that secure 
the differential assembly to the front 
crossmember and remove the differ- 
ential. 
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b. Position the new differential under the crossmember and install t 

I/O 

retaining bolts. Torque the bolts to 35-50 lb-ft. N&ct, position the propeller 
shaft and universal joint on the differential drive flatfge and replace the re- 
taining bolts. The bolts should be torqued to 15-20 lb-ft. 

c. The next step is to position the differential flange guard and replace 
the flat washers and screws securing the flange guard to the differential. 
Then replace the lockwashers, bolts, and nuts securing the flange guard to 
the bumper. After you lubricate the differential and universal joints accord- 
ing to LO 9-2320-218-12, the job is completed. 



SECTION IV. CONCLUSION 

13. SUMMARY. In this lesson we have discussed the procedures involved 
in the inspection and maintenance of axles used on military tactical vehicles. 
Although our discussion was limited to the 1/4-ton truck M151-series and 
the 2-1/2-ton trucks M35A1 and M35A2, the procedures apply with only 
minor changes to all other vehicles. Whenever you are in doubt about the 
maintenance of any vehicle axles, always consult the vehicle TM. 

H^PRACTJCE TASKS. The following appendix contains a list of tasks 
associated with maintaining axie assemblies. * They are representative of the 
tasks you wlH-bie required to perform as a wheeled vehicle mechanic. Per- 
form all of the tasks^listed. Be sure you are under the supervision of an 
officer, NCO, or specialist who is qualified in the MOS when you practice 
the tasks. If you find you are^hav^ing difficulty in certain tasks, restudy the 
appropriate training material and practice the tasks until^you become pro- 
ficient in each one. 
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EXERCISE 



/ 



Note. - Review the lesson exercise directions in lesson 1. 

36. What should be done before checking for a broken axle shaft on an 
M35A2 truck? 

a. Shift transmission into neutral 
* b. Remove propeller shaft 

c. Raise one wheel off of the ground 

37. What should be the first step in the maintenance of an axle assembly? 

a. Road test the vehicle 

b. Inspect the axle assembly 

c. Repair the axle assembly 

38. What precaution must be taken when inserting the axle shaft with a 
Rzeppa CV -joint into the axle housing? 

/' 

a. / Tape the joint to keep the balls from falling out 

b. Use care not to damage the oil seal 

c. Be sure the vent valve is not plugged 

39. What is done to increase the front-wheel toe-in on the 2-1/2-ton truck? 

a # Lengthen the tie % rod 

b. Shorten the tie rod 

c. Tighten the drag link 

40. On the 1/4-ton truck M151, the slip joint ends of the wheel drive shafts 
are bolted to the drive flanges on the 

a. spindles. 

b. differential. 

c. hubs. 

41. During a road test, the axle assemblies on the 2-1/2-ton truck M35A2 
should be checked for 

a. leaking gaskets. 

b. loose mounting bolts. 

c. excessive noise. 
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The vent (breather) valve for the front drive assembly of the M151 
truck is located in the 



a, intake manifold, 

b, top of the differential case, 

c, spindle support, 

43, In addition to the spindle flange and the oil slinger, what item is bolted 
solidly to the steering knuckle on the M35A2 truck? 

* 

a. Brake backing plate 

b. Wheel hub 

c. Steering tie rod 

44, Before checking a 2-1/2-ton truck M35A2 CV -joint for wear, what part 
of the shaft or joint assembly should be clamped in a vise ? 

a. Outer shaft 

b. Driving yokes 

c. ' Inner shaft 

45, Before the front axle shaft and CV -joint assembly are installed in the 
M35A2 axle assembly, the CV -joint should be 

a, coated with oil* - 

b, packed with grease, 

c, sprayed with powdered graphite, 

46, What is the correct toe-in setting on the 1/4-ton truck M151? 

a, 1/64 to 5/64 inch 

b, 1/32 to 5/32 inch 

c, 1/16 to 5/16 inch 

47, What is another name for the suspension and drive assembly used on 
the 1/4-ton truck M151? 

a. Swing axle 

b. Independent drive 

c. Transverse axle 

48, What is used to close the boots used to seal the steering knuckles on 
M35A1 and M35A2 trucks? 

a. Snaps 

b. Clamps 

c. Zippers 
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When adjusting the wheel bearings on the 2-1/2-ton truck M35A1 or 
M35A2, the inner adjusting nut should be tightened until, the wheel binds 
and then backed off 



a. 1/16 turn. 
\b. 1/8 turn, 
c. 1/4 turn. 

50. On the 2-1/2-to- truck front axle assembly, be sure to Install a new 
gasket on the drive flange before bolting it to the 

a. pinion. 

b. hub. 

c. axle shaft. 

m t 

51. The lower ball joint on the 1/4-ton truck M151 Is secured to the lower 
control arm by 

a. a single bolt and nut. ; 

b. two hardened rivets. / 

c. three bolts and nuts. 

52. What is threaded to the outer end of each wheel hub on the 1/4-ton 
truck M151? 

a. Lifting eye 

b. Dust cover 

c. Bearing adjusting nut 

53. The brakedruxns on the T/4-ton truck M151 are secured to the hub by 
two retaining screws and the 

a« wheel bearing adjusting nut. 1 
b 9 spindle support retaining bolts, 
c. wheel lug belts. 

54. What Is used to assure that each end of the gage Is the same distance 
from the floor when checking the toe-in of a 2-1/2-ton ttuck M35A1 ? 

a. Graduated scale 

b. Pair of chains 

c. Level bubble 



126' 



3-40 



55. The' Inner end of the front axle shafts on 2- 1/2 -ton trucks M35A1 and 
M35A2 are splined to the 



a. CV -joints. 

b. wheel hubs. 

c. differential side gears. 
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APPENDIX 



PRACTICE TASK LIST 

Practice Objectives After practicing the following tasks you 

will be able to: 

Locate the vents, filler and drain 
plugs, and constant velocity joints 
on the axle assemblies of 2-1/2- 
or 5-ton trucks* 

Inspect the axle assemblies on a 
2-1/2- or 5-ton truck and evaluate 
the results. 

Check and adjust the front-wheel 
bearings on a 2-1/2- or 5-ton truck. 

Check and adjust the toe-in on a 
2-1/2- or 5-ton truck. 

Inspect the.drive assemblies and 
drive axles on a 1/ 4-ton truck M151. 

Check the ball joints on a 1/4-ton 
trtxck M151 arid evaluate the results. 

Check and adjust the wheel bearings 
on a 1/4-ton truck M151. 

Check and adjust the toe-in on a 
l/4 T ton truck M151. 

i 
! 

Practice Tasks/ 

• 

1. In order to become Aiore proficient in the maintenance of axle assem- 
blies, here are a few things you should practice on your company vehicles, 

a. Locate the vents, filler and drain plugs, and constant velocity joints 
on the axle assemblies of a 2-1/2- or 5-ton truck. 

b. Inspect the axle assemblies on a 2-1/2- or 5 -ton truck and evaluate 
the results. 

c. Check and adjust the front-wheel bearings on a 2-1/2- or 5-ton 
truck. 
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d. Check and adjust the toe-in on a 2-1/2- or 5-ton truck. 9 

e. Inspect the drive assemblies and drive* axles of a 1/4-ton truck 
M151. 

4 » 

f. Check the ball joints on a 1/4-ton truck M151 and evaluate the 
results. 

g. Check and adjust the wheel bearings on a 1/4-ton truck M151. 

h. Check and adjust the toe-in on a 1/4-ton truck Ml 51. 

2. Whenever possible, work with an experienced repairman^when he is 
performing maintenance on axle assemblies, especially when he is doing 
such things as replacing oil seals, servicing constant velocity joints, and 
troubleshooting the assemblies^ 
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Lesson 4 . Introduction to Suspension System 

Components 

Credit Hours Four 

~ > 

Lesson Obiectives After studying this lesson you will 

be able to: 

1. Describe frame construction. 

2. State the purpose and construc- 
tion of springs and shackles* 

3. Explain how shock absorbers are 
constructed and how they 
operate* 

4. Describe the construction and 
types of tires and tubes. 
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Describe the construction of 
wheels and rims. 

Explain the procedures for 
removing and replacing 2-1/2- 
ton, 6x6 truck wheels and 
tires. 




Describe the procedures for 
M151 1/4-ton truck wheal and 
tire replacement. 



Materials Required , 



8. Describe the procedures for 
removing and replacing shock 
absorbers on an M151 1/4-ton 
truck, 

ALL STUDENTS. Answer sheet and 
exercise response list, 
CORRESPONDEMCE/OJT STUDENTS. 
See appendix. 



Suggestions 



Refer to the illustrations while 
reading the text % 
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STUDY TEXT 



SECTION I. FRAMES, SPRINGS, AND SHOCK ABSORBERS 

1. INTRODUCTION TO SUSPENSION SYSTEMS. The purpose of the 
vehicle suspension system is to support* the weight of that vehicle. A per- 
fect suspension system, would give a smooth ride on rough roads while keep- 
ing the wheels pressed firmly to the ground for traction. It would allow the 
vehicle to carry small or very large loads without changing any of its other 
good features. Unfortunately, it is not practical to build all vehicles with 
perfect suspension. Instead, in each type of vehicle, xhe suspension system 
is built for a particular type of job. Because most military vehicles must 
travel over rough roads and carry heavy loads, their suspension systems 
are very strong and stiff. However, there are some vehicles used by the* 
military that have a more flexible suspension system. As a wheeled vehicle 
mechanic you must have a knowledge of both type§. In this lesson we will- 
discuss suspension system components, to include frames, springs, bogie 
suspension systems, shock absorbers, wheels, ami tires. 

2. FRAME CONSTRUCTION. In order to provide a rigid foundation for 
the vehicle body, as well as providing a solid mounting for the suspensiqgfv.* 
system, a frame of some sort is necessary. The plan and construction of 
a frame depend upon the type of vehicle and the sex vice for which the 
vehicle is intended. Two major types of frames are in common use. They 
are the conventional frame and the integral fyame. The conventional frame 
is made separately from the body, and the various vehicle parts are boLted,: 
to it. In the integral-type frame, the frame and body are made as a uzErt 
and welded together. 

Y 

a. Conventional frames for passenger cars and trucks are built of 
side rails, crossmembers, and gussets. Gussets are angular pieces of 
metal used for strengthening the points where the side rails and cross- 
members join. These parts, when riveted together, look like some form 
of a letter, such as "A, M "X, 11 fl Y, 11 or "K. u The assembled frame com- 
bines stiffness and strength with light weight. 




Crossmembers 
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(1) The conventional frame is usually not more than 30 inches, 
wide in front so that the wheels will not rub on it when making a sharp turn. 
It may be widened to 48'inches at the rear for increased body stability. 
Kickups (humps) over the axles allow the vehicle's body to set closer to the 
ground. 

(2) For large trucks the frames are simply made of rugged channel 
iron. The side rails are usually set at standardized widths to permit the 
mounting of stock transmissions, transfer assemblies, axles, etc. Trucks 
which are to be used as wreckers or tractors have an additional reinforce- 
ment of the side rails and rear crossm embers so they will stand up under 
the added towing stresses. fc t 

-» * 




\ 

Truck frame with drive train and suspension system. 
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(3) The frameKmembera serve as aupporta to whi^h auspensi 
arma, radiatora, tranamta^MU^and the Jjjce may be attached. Additional 
bracketa and aupporta are added £oT1&e""mounting of running boarda, apringa, 
bumpera, enginea, towing hooka, ahock abaorbera, gaa tanka, and apare 
tirea. Rubber inaulator blocka are uaualiy uaed between the frame and body 
attachment pointa to reduce the tranafer of botheraome vibrationa and road 
noiae. 




0 



AA Radiator guard holddown 
A Front cab inaulator 
B Eaar cab inaulator 



AT 147 16 



C Front cargo box inrolator 
D Eaar car»o box insulator 
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Unitized body and frame 



b. In the integral-type frame, various body sections are used as 
structural strength members* All of these sections are welded together 
into what is usually referred to as the unitized body and frame. The 1/4- 
ton truck 
M151 body 
and frame 
shown is 
of the 
integral 
type. The 
rigid body 
sections 
have re- 
inforced 
points for 
mounting 
various 
items, 
such as 
the sus- 
pension 
system 

parts, engine, and differentials. Another example of the integral frame is 
the hull or body of a combat tank. A tank hull is an assembly of heavy 
armorplate. It serves not only as a frame, but also to house and protect 
the crew and equipment. 

3. CONSTRUCTION OF SPRINGS AND SHACKLES. The key parts of the 
•suspension system are the springs. One of the first types of springs to be 
used in suspension systems v,as the elliptic leaf type as shown in view A of 
the accompanying illustra- 
tion. It is referred to as 
an elliptic spring because 
it has an oval shape, like 
a football or an egg. The 
spring is made stronger 
by adding more leaves, 
as in view B. The spring 
then becomes known as an 
elliptic laminated leaf 
spring. More variations 
of this spring are the 
sernielliptic laminated 
leaf and the quarter 
elliptic laminated leaf, 
which are shown in views C and D. 



LEAF TYPE SPRINGS 

1 O 



a. Elliptic leaf spring 



b. Elliptic laminated leaf 





c ScmiellipHc laminated leaf d. 



Quarter elliptic laminated leaf 

The sernielliptic laminated leaf springs 
are the most commonly used on modern trucks. They are also used on many 
passenger cars. 

4-6 



137 



ITS 

a. The semieliiptic laminated leaf spring consists of several spring 
leaves of different lengths, a center bolt, and spring leaf clips. The spring 
leaves are assembled according to length, ranging from the shortest at one 
side to the longest at the other side of the spring. The center bolt passes 
through a hole in the spring leaves and is secured with a nut. The center 
bolt holds the spring leaves in place and its head is generally engaged in 
the spring seat to assist in axle alinement. The spring leaf clips are fitted 
around the spring, and each one is secured with a bolt, spacer, and nut, 
The clips hold the ends of the leaves together when the vehicle bounces over 
rough roads. They are often called rebound clips. The ends of the first, 
or main, leaf are often rolled into circles that are called the spring eyes. 
A bushing-type bearing is pressed into each spring eye. Usually this is a 
smooth brass or a bronae bushing, but sometimes it may be a rubber or 
threaded-steel type. 




Spring assembly - exploded view. 



4-7 



138 



(1) On light trucks, two semielliptic laminated leaf springs are 
generally used to mount each axle assembly. The ends of each spring 
are fastened to the vehicle frame, lengthwise to the vehicle. The axle 
assemblies are fastened to the springs at or near their center. The springs 
hold the axle assemblies in alinement with the vehicle frame. Unless some 
other means is provided, the springs also prevent the axle housing from 
turning when a turning force (torque) is applied to the wheels. 
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(2) In a typical mounting of a spring in a military vehicle, one end 
of the spring is fastened to the vehicle frame by a spring hanger and pin. 
The spring hanger is fastened securely to the frame by rivets. A pin passes 
through holes in the spring hanger and Che bearing in the spring eye. The 
pin serves as a pivot for the spring and has a drilled passage and grease 
fitting for lubrication purposes. The other end of the spring is fastened to 
the frame by a spring hanger, two pins, and a spring shackle. One pin 
passes through holes in the hanger and shackle, leaving the shackle free to 
pivot on the pin. The shackle is then fastened to the spring by the remain- 
ing pin. Grease fittings and drilled passageways are also provided in both 
of these pins for lubrication purposes. The springs flex as the weight of 
the vehicle load is changed and as the vehicle travels over rough roads. 
Flexing of a spring causes its length to change. The spring shackle swings 
on its pivot to allow for the changes in the spring length as it flexes. The 
flexing action of the laminated leaf -type spring is restricted by the friction 
of the leaves rubbing together. 




4-9 

140 



b. There are several different types of 
spring shackles used. The bolt-type shackle 
has two flat side pieces. The pins are made 
like bolts, with a head on one end and threaded 
on the other end to receive a nut. Note the 
grease fitting and passages that permit lubri- 
cation to be applied at the center of the bearing. 
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(1) In the straight threaded-type shackle 
the bearings have internal threads. Threaded 
pins are then screwed into each bearing. The 
ends of the pint are fitted into holes in the 
shackle side pieces. Bolts or small pins are 
placed in holes in the side pieces, engaging 
grooves cut in the threaded pins. This holds the 
side pieces on the threaded pins. 



(2) The U-type shackle is a one-piece, 
U-shaped bolt that is threaded on both ends. 
The bearings are threaded both internally and 
externally. In order to assemble the U-type 
shackle, the shackle must first be placed inside 
the bearing bores of the spring and spring 
hanger. The threaded bearing is then screwed 
into the bearing bore and onto the shackle at the 
same time. 
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(3) The pin-and -bolt-type shackle 
usually has a one-piece shackle that resembles 
the letter M H. " The shackle is fastened to the 
spring and spring hanger by straight pins. 
The pins are locked in place by bolts similar 
to the method used on the straight threaded- 
type shackle. 
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(4) The center bolt-type shackle consists 
of two side pieces, a center bolt, and two threaded 
pins that are tapered on their ends. The bearings 
are threaded on the inside to receive the threaded 
pins. The shackle side pieces have tapered holes 
that fit over the tapered ends of the pins. The 
center bolt passes through the side pieces and 
holds them tight on the tapers. In another varia- 
tion of this shackle, the pins have a threaded por- 
tion extending beyond the tapers. Nuts and washers 
are then used to secure the side pieces instead of 
the center bolt. 
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(5) The single -piece link 
shackle has a one-piece U-shaped 
shackle that forms both side pieces. 
Bolt-type pins secure the shackle to 
the spring and spring hanger. 
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(6) The Y-shackle is a one-piece 
shackle that has the shape of the letter "Y. " 
One of the bearings is contained in the 
shackle itself. 
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c- For a number of years many passenger vehicles have used coil- 
type springs in their suspension systems. At first they were used mainly 
in independent suspension of the front wheels. At the present, coil springs 
are widely used on both the front and rear of passenger vehicles and some 
light trucks. 




(1) One military vehicle that uses coil-spring suspension at both 
the front and rear is the 1/4-ton truck M151. Coil springs have a wide 
application because they cost less to make, they are compact, and they are 
effective. The main disadvantage is that excessive bouncing of the vehicle 
results from their frictionless action, making the use of shock absorbers a 
necessity. 
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(2) Coil springs are made of special steel rods, heated and wound 
in the shape of a spiral coil* One end contacts the vehicle frame and the 
other end contacts the axle or the suspension device used* A rubber-like 
pad or insulator is used at the end of the spring that contacts the frame* 
The insulator prevents vibrations from transferring from the spring to the 
vehicle frame* 

d. The volute spring is a coil springimade from flat steel instead of 
a round steel rod* The flat steel is tapered both in width and in thickness* 
It is wound in a spiral that is large at one end of the spring and gets smaller 
with each turn or coil. Each coil overlaps, the one next to it, with the widest 
and thickest part of the flat steel being at the larger end of the spring* 
Volute springs have been used mainly on tracklaying vehicles* This type of 
spring is desirable when heavy loads must be supported but there is not 
enough space available to use a conventional coil or laminated leaf spring* 
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e; Another type of suspension 
spring that is used in tracklaying 
vehicles is the torsion bar. The 
torsion bar is also being success- 
fully used in some passenger cars 
and trucks. This suspension spring 
consists of a long spring steel bar. 
One end of the bar is secured to a 
nonxnovable mounting called an 
anchor. The other end is fastened 
to a suspension arm or lever. When 
the lever arm is moved up, it twists 
the long torsion bar. The bar re- 
' sists the twisting and gives a spring action, always returning to its original 
position unless it is overloaded. Torsion bars are usually made to take 
stress in one direction only and often are marked by an arrow stamped into 
the metal to indicate the direction of stress. 

f. Large wheeled vehicles are built to carry both heavy and light loads* 
Several methods have been used to change the load rating of the spring sus- 
pension as the vehicle load is changed. Auxiliary springs, often called 
secondary springs, are commonly used in addition to the main springs for 
this purpose. The secondary spring is often secured to the frame at its 
center, with its ends free. When the vehicle load is increased to a certain 
amount, the main spring is compressed, bringing the free ends of the 
secondary spring against the axle. Both springs now support the load, and 
their load ratings are added. This arrangement permits the vehicle to carry 
heavy loads without compressing the mainspring too much. 
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g. Another variable-load suspension system provides a spring arrange- 
ment that increases the effective strength of the springs as the load is in- 
creased. The springs are made with flat ends which bear against curved 
bearing plates. With a light load the spring ends make contact with the 
outer edges of the curved bearing plates. This is the part of the bearing 
plate that is farthest away from the center of the spring. As the load is 
increased, the spring compresses, causing the points of contact to move 
toward the .inner edges of the bearing plates. This decreases the effective 
length of the spring, giving it a higher load rating. This method is com- 
monly referred to as a variable-load spring arrangement. 




h. Two rear axles are used on many of the heavy vehicles to reduce 
the load on each rear wheel. In addition, the use of two axles will decrease 
the effects o£ road shocks and increase traction. A typical rear end of a 
heavy vehicle consists of an axle moused at each end of the rear springs. 
The load of the vehicle is applied at the center of the springs by means of 
a spring seat which is supported on the frame. The rear springs carry the 
same load as they do with a single rear axle. However, the load is divided 
between two axles instead of being applied to cne. The drive is usually ap- 
plied to both rear axles on military vehicles. Torque rods transmit the 
driving force to the frame and are ax ranged so that none of the turning force 
is applied to the springs. 
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(1) The rear suspension of a truck having two rear axles is 
usually called a bogie suspension unit. It consists of two axles joined by 
springs that pivot on bearing-mounted spring seats. The spring seat bear- 
ings fit around a trunnion axle which is rigidly attached to the frame through 
mounting pads. The ends of each spring rest on hardened steel bearing 
plates on the two axle housings. Both springs are clamped to the spring 
seats by means of U-belts. 
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(2) When the vehicle travels over uneven surfaces, the springs 
pivot on the tapered roller bearings. As a result, the weight remains 
divided between the four wheels even though one wheel may be on a lower 
or higher surface. This allows the vehicle to carry heavier loads without 
exceeding the safe tire k&d. Also, when one wheel hits a bump, the spring 
pivots on the seat bearings so that both ends of the spring absorb the shock. 
Thus, the effects of road shocks to. the- vehicle frame and body are reduced 
by one half. When only one axle is deflected up or down, the trunnion axle 
and the vehicle frame are raised or lowered only half the amount. In this 
manner, bogie axles reduce by half the impact, or shock, not only to the 
vehicle frame, but also to the tires. 
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4; CONSTRUCTION AND OPERATION OF SHOCK ABSORBERS. When 
vehicle is traveling on a level road and the wheels strike a bump, the spring 
is compressed quickly. The compressed spring will attempt to return to its 
normal loaded length, and in so doing will rebound past its normal height, 
causing the body to be lifted. The weight of the vehicle will then push the 
spring down below its normal loaded height. This, in turn, causes the 
spring to rebound again* This bouncing process is repeated over and over, 
a little less each time, until the up-and-down movement finally stops. 

a. If bouncing is allowed to go uncontrolled, it will not only cause an 
uncomfortable ride but will make handling of the vehicle very difficult. To 
overcome bouncing, assemblies called shock absorbers are used. The main 
function of a shock absorber is to control (regulate) the spring rebound. 
Shock absorbers which check (resist) orly the spring rebound are single- 
acting. 

(1) A shock absorber may also deaden (regulate) the compression 
of the spring by absorbing/part of the energy as the spring is depressed. 
Shock absorbers which regulate compression in addition to rebound are 

do -ible-acting. Most shock absorbers used at the present time are double- 
acting, because they permit the use of more flexible springs and, thus, a 
more comfortable ride. 

(2) Many types of shock absorbers have been used. Some that 
have been used were operated by frictioh and spring tension. Those used 
at present are usually hydraulically operated* These depend upon the re- 
sistance of a liquid flowing through small openings to check the action of 
the spring. 

b. Atypical cam-operated (also known as an indirect-acting) hydraulic 
shock absorber is 

attached to the frame 
of the vehicle and 
contains a lever that 
pivots in the housing. 
The lever is pinned 
to a link that is at- 
tached to the spring 
clamp assembly. 
Rubber grommets 
are used at both ends 
of the link to prevent 
metal-to -metal con- 
tact and to provide 
flexibility. Whenever 
the spring compresses 
and rebounds, the 
shock absorber lever 
is operated. 
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(1) One cam-operated shock absorber is made to check the re- 
bound only (single-acting). The housing, or body, contains an oil-filled 
reservoir and cylinder. A cam-operated piston is located in the cylinder. 
The cam is mounted on a shaft to which the shock absorber lever is con- 
nected. The piston is held against the cam by a coil spring in the cylinder. 
An intake or check valve, which permits oil to enter the cylinder from the 
outer reservoir, is located in the piston head. 




(2) The cam moves to the right when the vehicle spring is com- 
pressed. The piston spring forces the piston to follow the cam, opening the 
intake valve and allowing oil to flow into the cylinder. This valve has a larg» 
port opening, so it offers little resistance to the flow of oil. Therefore, it 
has little effect upon the action of the piston when the spring i3 being com- 
pressed. 

(3) When the vehicle spring rebounds, the cam is moved in the 
reverse direction. This forces the piston to the left against the oil in the 
cylinder, closing the intake valve. The motion of the piston forces the oil 
from the cylinder through a small opening in the relief valve. Liquids are 
not compressible under ordinary pressures, and it takes a certain amount 
of time for oil to flow through the small relief valve opening. Therefore, 
the rebound of the vehicle spring is slowed down. The flow of oil and the 
vehicle spring rebound is regulated by the size of the valve opening. In addi- 
tion, some regulation is also obtained by the valve spring pressure holding 
the relief valve against its seat. The instant the vehicle spring stops its 
rebound, the relief valve is closed by its valve spring. 
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c. The operating principle of the double-acting cam-operated shoaC^ ' 
absorber is the same as. the single-acting shock absorber except that it 
checks spring action in both directions. A cam -operated double-acting 
shock absorber has two pistons. One regulates vehicle spring rebound and 
the other spring compression. 

d. The shock absorber that is the most widely used is the direct- 
acting shock absorber. These shocks are often referred to as airplane- 
type shocks. The direct-acting shock is mounted directly to both the vehicle 
frame and the axle or suspension arm. As the frame rises and falls in re- 
lation to the axle, the shock absorber must telescope out and' in. The shock 1 s 
resistance to telescopic movement dampens (hinders or slows down) this 
up-and-down movement. The shock may have eyes made on its ends for 
mounting or it may have threaded studs. Rubber bushings are used inside 
the eyes and rubber grommets on the studs to prevent metal-to -metal 
contact and to provide flexible mounting. 




(1) The dir^t-acting shock absorber consists of an inner cylinder, 
an outer cylinder, a piston, a piston rod, and, in most cases, an outer dust 
and rock shield. A series of valves in the piston and at the bottom of the 
inner cylinder control the movement of oil within the shock. A reservoir 
which contains, a supply of oil surrounds the inner cylinder. 
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(2) The direct-acting shock absorber is double-acting. When the 



vehicle spring is compressed, the shock absorber telescopes in (gets 
shorter). This moves the piston down, putting pressure on the oil under 
the piston. In order for the piston to continue to move downward, it is 
necessary for the oil to pass through the compression valve. Oil flows 
through the compression valve into the upper section of the inner cylinder. 
Oil flow and spring compression are regulated by the size of the compres- 
sion valve port holes and the spring. 
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(3) When the spring rebounds, the piston is moved up and the oiy Q 
trapped above the piston must travel through the rebound valve. To make 
up for the reduced amount of rod that is now in the inner cylinder, additional 
fluid is pulled in from the reservoir through the intake valve. Regulation 
of oil flow and spring movement is controlled by the size of the rebound 
valve opening and its spring. Sometimes a series of valves are used to 
provide better regulation of the oil flow in the shock absorber to produce a 
smoother ride. _ 
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SECTION II. TIRES, TUBES, WHEELS, AND RIMS 



5. CONSTRUCTION AND TYPES 
OF TIRES AND TUBES. Additional 
cushioning and traction qualities are 
provided by the vehicle's tires. The 
tire assembly generally used on 
trucks consists of the tire, inner 
tube, and flap. The inner tube con- 
tains the air and the flap protects 
the tube in the rim and bead area. 
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a. The parts that make up the 
tire are the tread, breaker, cushion, 
plies, and bead. Each part of the 
tire serves a definite purpose as 
explained below. 



(1) The tread is a layer of rubber on the outside of the tire. It is 
the part that contacts the road and is the wearing surface. The tread is 
designed to reduce skids and to increase the traction needed for driving and 
braking the vehicle. The tread also protects the cords from cuts, bruises, 
and moisture. Rubber extends from the tread down over the sidewalls of 
the tire to protect the cords. 
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(2) Breakers are layers of rubber-covered cords (strings), 




similar to plies, except the cords are spaced farther apart. When the tire 
hits a bump, the breakers spread out the shock. This prevents a lot of 
strain from being placed on one small section-of the plies. The breakers 
also prevent the tread from separating from the tire. 

(3) The cushion is soft, heat-resisting rubber. It absorbs road 
shocks and bonds (fastens) the breakers to the plies. Cord plies have 
strength to resist internal pressures, to support loads, and to absorb road 
shocks. 

(4) The bead is that part of the tire which secures the tire to the 
rim. It consists of hard rubber molded in and around steel wire cables. 
The cord plies are wrapped around the bead to secure it to the tire side- 
walls. 

b. Some tires are built for use without inner tubes. These are called 
tubeless tires and have a soft rubber liner on their insides to prevent air 
leaks. 

c. Combat tires have the same 
basic construction as standard tires. 
However, combat tires are built so 
they can operate without air pres- 
sure for a limited distance in an 
emergency. They should be operated 
without air pressure only in combat 
where the tactical situation requires 
it. A combat tire is of much heavier 
construction than a standard tire. It 
has more rigid (stiff) sidewails and 
its heavily cushioned plies are 
spaced wider apart. On the inside 
there is a heavy section of rubber. 
A beadlock fits between the beads to 
hold the tire in place when it is 
operated without air pressure. 
These tires are marked with the 
word "combat" on the serial-number 
side o' the tire. 
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d. Markings on the sidewalls 
of tires give the manufacturers 1 
name and information that is im- 
portant to their use. The size and 
ply marking (7. 50-20, 8 ply) of a 
tire are shown. The first figure, 
7. 50, is the tire's approximate 
width in inches when it is properly 
mounted. This measurement is 
taken with the specified amount of 
air pressure in the tire, but not 
supporting the vehicle weight. The 
second number, 20, is the inside 
diameter of the bead in inches. 

The third part, 8 ply, is the number of plies of cord fabric. If this number 
is shown as 8PR (8 ply rating), it means the tire is as strong as a standard 
8-ply tive. However, the tire actually contains a lesser number of plies. 




4 




(2) Both standard and 
combat tires have serial numbers. 
Each individual tire is assigned a 
different serial number for identi- 
fication purposes. Serial numbers 
are always indented figures in the 
sidewall of the tire. Figures that 
are raised are made by the tire 
mold and should not be confused 
with the serial number. 



(1) On some of the smaller 
tires there is a small round mark, 
about one-quarter of an inch across, 
on the sidewall near the bead. This 
is a balance mark. When the tire 
is assembled on the wheel, the mark 
should be alined with the valve of the 
tube. 




4-24 



er|c 



155 



e. The inner tube is a dough- 
nut-shaped rubber container that 
^ fits inside the tire. It holds the air 
\ that supports the vehicle, but is 
strong enough to hold only a few 
pounds of air pressure when out of 
the tire. However, the tube will 
hold very high pressures when en- 
closed in the tire. Because tubes 
are made of soft rubber, they are 
easily chafed, pinched, punctured, 
or otherwise damaged. Most tubes 
are made of synthetic rubber, which 
holds air better than natural rubber. 
Synthetic rubber is manmade and is 
sometimes referred to as butyl- 
type rubber. 





(1) Standard tubes are 
made of one layer of rubber and 
are used for standard-type tires. 
Tubes for combat tires are con- 
structed the same ad standard 
tubes, except they are smaller 
than standard tubes with the same 
size markings. This is because 
combat tires are smaller on the 
inside due to their heavier construc- 
tion. Combat tubes are stamped 
"combat" and should be used in 
combat tires only. 



(2) Some tubes are built 4 
to automatically seal bullet punc- 
tures. These tubes are made of 
thick soft rubber. Bullet-resisting 
tubes are identified by their extra 
weight and thickness and generally 
have green-painted valve stems. 
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(3) Air pressure is 
forced into the inner tube through 
a valve in the valve stem. The 
valve stem is threaded on the in- 
side to allow the installation of a 
valve core. The valve core fits ^ 
airtight against a tapered seat 
inside the stem. It permits air 
under pressure to enter, but 
prevents it from escaping. The 
valve stem is threaded on the 
outside at its outer end to permit 
installation of the valve cap* 
The valve cap keeps the valve 
core clean and serves as the 
final seal* 
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6. CONSTRUCTION OF WHEELS AND RIMS. The tire assembly is 
mounted on a wheel and rim assembly. Wheels must have enough strength 
to carry^the weight of the vehicle, transfer driving and braking forces, and 
withstand side thrusts. Passenger cars are driven at high speeds, which 
means that they must be set close to the ground. Therefore, they use 
perfectly balanced wheels of email diameter. Even a slightly unbalanced 
wheel and tire assembly will cause steering problems and rapid tire wear 
at high speeds. Small balance weights are often attached to the wheel to 
offset an unbalanced condition. 
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a. Passenger car wheels are usually of the steel-disk type. The disk 
can be solid or it may have slotted or round holes in it to reduce weight and 
to provide ventilation for cooling- The disk is welded or riveted to the rim 
and bolted to the brakedrum and axle. Some passenger cars use wire wheels 
whifch are light and easy on tires. They consist of a pressed steel hub and 
rim connected by spokes that are welded at each end. In both types of 
wheels, the wheel is dished to bring the point of ground contact under the 
large wheel bearing. 
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b. Two disk-type wheels that are U3ed on trucks are shown in this 
figure. One of the rim flanges can be removed to aid in removing and 
replacing tires. Truck wheels are dished enough to permit the mounting 
of dual wheels. 




4-27 



ERLC 



153 



TJie purpose of the wheel rim is to complete the enclosure for the 
tube, hold the ti # re beads in place, and connect the tire to the wheel. Several 
different types of rims are used. For correct mounting, demounting, and 
tire fit, it is necessary to be familiar with the differences in rim types. 

(1) The drop-center rim is made in one piece and is permanently 
fastened to the wheel disk. Its important feature is 
a deep well which permits mounting and demounting 
the tire. On some wheels the well is to one side of 
the rim center. Then the tire must be removed and 
replaced from the side of the rim that contains the 
well. Drop-center rims are generally used on 
smaller vehicles, such as passenger cars and 1/4- 
ton, 4X4 trucks. Some passenger cars and light 
trucks are equipped with safety-type drop-center 

rims. Safety rims have a slight hump at the inside edge of the bead ledges. 
This holds the tire beads in place when the tire goes flat. 






SEMLOHOP.CENTER RIMS 



(2) The semidrop- 
center rim has a shallow well 
in the rim. It has tapered bead 
seats to fit the shape of the 
beads on the tire. A demount- 
able rim flange or side ring 
fits into a groove (gutter) on 
the outside edge of the rim to 
hold the tire in place. It is 
necessary to remove this side 
ring to remote and replace the 
tire. 



(3) The flat-base rim has a flat 
seat for the bead, and the tires must also 
have flat beads. As its name suggests, 
the rim is flat with no well. This type 
rim has a demountable side ring to permit 
mounting and demounting the tire. Flaps 
are required on the flat-base rim to pro- 
tect that part, of the tube not protected by 
the tire. Flat-base rims are no longer 
being built for use on the modern vehicle. 




4-28 

150 



m 

(4) The advanced rim is similar to the flat-base rim except that 
it has a slight taper 
(5 degrees) on each 
bead seat. The taper 
provides a squeeze 
fit of the tire beads 
to prevent slippage 
between the rim and 
tire. Different man- 
ufacturers make the 
side rings and* their 
mating grooves 
(gutters) in different 
shapes, which pre- 
vents "nter changeability. Military vehicles use advanced rims with all side 
rings and rim gutters shaped the same, which permits interchangeability. 
This rim is known as the military or the military standard rim. 

e. In order to operate a vehicle in combat without air pressure in its 
tires, it is necessary to have some device that locks the tire beads in place. 
The tire beads may be locked into place on the rim by either beadlocks or 
bead clips. Bead clips are metal clips that fit tight on the tire bead and the 
rim. Five or six clips are equally spaced on each bead of the tire. When 
bead clips are used, a flap is generally required to protect the tube. 
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(1) The beadlock is a metal device that fits between the beads of 
the tire. The beadlock is slightly wider than the space between the tire 
beads with the tire mounted on the rim. Therefore, when the rim side 
flange is installed and tightened, pressure is applied to the tire beads. 
This locks the beads in place so that they will not slip on the rim and will 
hold the tire in position* 



(2) The continuous, or 
channel* -type, beadlock is a solid 
band of steel which is inserted in 
position between the tire beads. 
Flaps are not required with the 
channel -type beadlock. 




CKAMM* 




(4) The segmental, or 
spacer-block, beadlock has blocks 
of metal which are fastened together 
with a ^pxible steel band. The flex- 
ible band allows the beadlock to be 
collapsed for removal and installa- 
tion into the tire. The segmental 
beadlock requires the use of a flap 
to protect the tube. 



(3) The hinged beadlock, 
through the use of a hinge, will 
collapse. This makes the beadlock 
smaller so it can be 'inserted and 
positioned between the tire beads 
much easier. Flaps are not neces- 
sary with the hinged beadlock. 




StOMBffAl 
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SECTION HI. COMPONENT REPLACEMENT 



7. WHEEL AND TIRE ASSEMBLY ON A 2-1/2-TON TRUCK. The follow- 
ing explanations tell you how to replace the wheel and tire assembly on a 
2-1/2-ton, 6x6 truck. On the 2-1/2-ton military truck with single wheels, 
the tire size is 11. 00X20. Dual-wheeled 2-1/2-ton trucks use 9. 00X20 tires. 




2-1/2-ton, 6x6 tractor truck M275 - right rear view. 

a. Before attempting the removal of any wheels, position the truck on 
level ground and shut off the engine. Place the transmission in the fifth gear 
position and set the parking brake to make sure the vehicle does not roil. 
Obtain the special wheel stud nut wrench and a truck jack. These tools will 
be located in the tool compartment of the truck. The stud nut wrench is 
about 15 inches long and has a 1-1/ 2 -inch hex opening on one end and a 
13/16-inch square opening on the. opposite end. A steel bar is inserted 
through holes near its ends for leverage. 
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1 d. Loosen, but do not remove, 
the six nuts on the wheel studs of the 
wheel to be removed. On the left 
side of the vehicle, all of the lug 
nuts have left-hand threads./ On the 
right side* the lug nuts have right- 
hand threads. After all six nuts are 
loosened, place the jack under the 
vehicle ode and raise the wheel off Inuts 
the ground. Remove the nuts and 
lift off the wheel. If the vehicle has 
single wheels, install the replace- 
ment wheel according to installation procedures given later in this lesson. 
If the vehicle has dual wheels and the inner wheel is to be replaced, proceed 
with the following directions. 




c. Lower the jack until the 
inner wheel rests firmly on the 
ground. Using the 13/16-inch 
square opening of the stud nut 
wrench, loosen the six special nuts 
holding the inner wheel. These nuts 
are threaded on the inside to screw 
over the wheel studs and the outside 
to receive the nuts just removed. 
After loosening the special nuts, 
raise the jack to lift the wheel off 
the ground. Remove the special 
nuts and the inner wheel and inspect 
the thread condition of wheel nuts 
and studs. All damaged nuts and 
studs must be replaced. Use a wire brush to remove rust and dirt from the 
mating surfaces of the brakedrum and wheels. Clean and lubricate rhe 
threads on the wheel nuts and studs. 




d. The replacement tire and wheel should be inspected very closely 
for the size and type of tread. The outside diameter or height of the replace- 
ment tire should be within one-eighth inch of the other tires on the vehicle, 
particularly on the same axle. When the tread type and tire size are identi- 
cal on all tir3S on the vehicle, proper steering and even tire wear can be 
achieved. 
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e. On vehicle axles with single wheels, and on the inner wheel of 
dual-wheel vehicles, install the wheel with the dished (cupped) side toward 
the vehicle. Install the six wheel nuts, regular wheel nuts for single -wheel 
vehicles and special nuts for the inner wheel of dual-wheel vehicles. Tighten 
the wheel nuts evenly to prevent warping the wheels or brakedrums. This 
is done by first tightening a nut until snug and then tightening the nut that is 
directly opposite. Continue this procedure until all six wheel nuts are snug. 
Next, lower the wheel until it rests firmly on the ground to assist in holding 
the wheel stationary. Then tighten the nuts to 400 to 450 pound-feet torque, 
alternating to opposite nuts. 



f. On dual-wheel vehicles the 
axle is lifted again to install the outer 
wheel. The outer wheel is installed 
with the dished or cupped side facing 
away from the v ehicle. In addition, 
the position of the wheel ventilating 
holes and the valve stem is to be 
considered. The ventilating holes of 
the inner and outer wheels should 
alined to permit a free flow of air to 
cool the wheels and brakedrum. The 
valve stems of the two wheels are 
placed directly opposite each other 
so they can be locate^ quickly and 
are easier to service. When the 
wheel is properly positioned, install 

the six wheel nuts and tighten them using the same procedures us 
inner wheeL 




Soto mml 



ed on the 



g. Always make sure that the tire pressure is co rect when a tire and 
wheel assembly is replaced. Recommended tire pressures for the 2-1/2- 
ton, 6X6 truck are shown in the accompanying table. The amount of pres- 
sure needed is determined by operating conditions, size of the tire, and the 
engine type. Pressures given in the table are for cool tires. If the tires 
are hot the pressures "will increase and should not be reduced. 



Conditions 


■ Gasoline 


Multifuel 


11:00 x 20 


9:00 x 20 


11:00 x 20 


9:00 x 20 


Highway (p3i) 
Cross-country (psi) 
Mud, snow, and sand (p3i) 


70 
35 
15 


45 
25 
15 


70 
35 
15 


50 
35 
15 


Not.. In areas where the temperatures reach -50°F. or colder, Inflate truck tires 2C (pounds 
above normal for long standby periods or overnight. Before operating the vehicle, reduce the 
tire pressures to normal. 
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8. -WHEEL AND TIRE ASSEMBLY ON A 1/4- TON TRUCK. The M151 ha. 

tt. wheel .1^1. ° , V f°P- Cen,er E"l> »heel is secured to 

J? . P u y 8 Special nut and "" her assemblies. All wheel re- 
■toom W«t K/ i8 , ht ' h ^ thr " dS and 'nter=ha„7eab . 




a. The M151 truck tires are rotated after about 2 000 n ( „ 

wheels for cracks and bends and for worn or damaged mounting stud holes 



4-34 

165 



/53 



Inspect the condition of all tires and check their air 
pressures. Replace any tire that has a noticeable cut on the 

SS£*Zn! X ?? • * " Un6Ven W6ar is noticed ' check the toe-in 
adjustment. If incorrect toe-in is not the cause, report this 

ifJS t0 g ?! r ma i ntenance Personnel. Check pressures* when 
the tires are cold, and correct as needed, when rotatinq the 
tires of an M151 truck, the air pressure in the tires must always 

5? r 2 an9 ? a K-^ 6 pressures are different in the front and rea? 
tires. For highway use the recommended air pressures are 20 PSI 

f? r -o e Q f £c?V ire !! and 25 PSI for the rear - For cross country 
iLi 9 J 81 f ° r the fr ° nt and 22 PSI for the rear. Use in mud, 
sand, and snow calls for air pressures of 12 PSI in the front 

JSST-Ji^i! ? SI in the -f ar tireS * TireS °P erate d with pressures 
• : ff J t °° 1ow are easil y damaged. Make sure valve caps are 

S^&ESFgSL? air - Mheel nuts are tishtened 

c. The spare must be included 
with each tire rotation to maintain 
even wea~ on all tires. The rotation 
can be compileted by jacking up one 
wheel at a time if the following 
procedure is used: start by placing 
the spare tire and wheel on the 
vehicle's left front, move the left 
front to the right rear, the right 
rear to the left rear,* and the left 
rear to the right front. The tire 
removed from the right front will 
now be used for the spare. This 
same plan should be used every time 
the tires are rotated. Then each 
tire will be run at all four points 
on the vehicle before being 
returned to the spare position. 




Tire rotation plan 
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9. SHOCK ABSORBERS. Due to the frictionlesi action of the coil springs 
on the M151 truck, shock absorbers play an important role in the suspension 
system. In addition to controlling bouncing of the vehicle, the shock absorb- 
ers have internal hydraulic stops which limit the distance suspension parts 
can move. Bad shock absorbers can cause rapid tire wear, poor steering, 
and excessive bottoming of the suspension. Generally, it is not considered 
good practice to replace just one shock absorber. All shock absorbers must 
perform equally to control the side pitching and swaying of the vehicle. If 
the vehicle has one new shock and three old ones, equal performance is not 
likely to occur. The following explains how to replace the shock absorbers 
of the M151 truck: 

a. Replacement of the front 
shock absorbers is the same for 
either side of the vehicle. They 
pass through the center of the coil 
spring and are attached to the lower 
suspension arm at the bottoui and to 
the crossmember at the top. Dis- 
connect the lower end of the shock 
absorber by removing the locknut 
on the shock absorber shaft. 
Remove the washer and the rubber 
insulator (also called a grommet) 
from the shaft, 

(1) Remove the two bolts and lockwashers that secure the mounting 
bracket to the suspension arm. 

(2) Raise the front wheel and secure the vehicle safely with stands 
or cribbing. 



(3) Rotate the shock 
absorber mounting bracket and 
remove it from the inside of the 
suspension arm. Remove the 
inner insulator and washer from 
the shock absorber shaft. 
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(4) At the upper end of the 
shock absorber, remove -".he iocknut, 
washer, and insulator* The shock 
absorber can then be removed 
through the opening in the lower 
suspension arm, 




(5) It is possible to install the shock absorbers of an M151 truck 
upside down, which will prevent their proper operation. The shield that 
protects the shock absorber shaft must always be installed toward the top 
ou the M151. The top end of some shock absorbevs may be marked by the 
word ft top" or an arrow pointing toward the top. Check the action of a shdck 
absorber before installing it in the vehicle. This is done by telescoping it 
in and out several times by hand while holding the shock top side up. Its 
resistance to movement may be uneven and jerky the first few strokes. 
However, the action should smooth out and provide an even resistance to 
movement through the entire length of the stroke. Smooth action does not 
necessarily mean that the shock absorber is good, but an uneven or jerky 
action definitely means that it is not good. 

(6) Prepare the shock 
absorber for installation by extend- ( 
ing it to its greatest length. Place 
a retaining washer and then an 
insulator on the top end of the shock 
absorber shaft. Insert the shock 
absorber through the hole in the 
lower suspension arm, passing it 
through the center of the coil spring. 
Position the shock absorber shaft 
through the crossmember and install 
the outer insulator, retainer, and 
nut. Tighten the nut to 25-30 pound- 
feet. 



RETAINER 



INSULATOR 
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(7) At the lower end of the 
shock absorber, place a retainer and 
then an insulator on its shaft. Posi~ 
tion the shock absorber mounting 
bracket on the shaft and secure the. 
bracket to the lower suspension arm 
fc> with two bolts and lockwashers. 





(8) Lower the wheel and 
place the lower insulator, retainer, 
and nut on the shock absorber shaft. 
Tighten the nut to 25-30 pound-feet. 



b. The rear shock absorbers on the Ml 51 truck are located differently 
and have a different type mounting than the front shock absorbers. Replace- 
ment procedures for the rear shock absorbers are the same on both the 
right and left sides of the vehicle. The bottom of each shock absorber is 
attached to the lower suspension arm* The top end is attached to the 
integral-type body and frame. Mounting eyes are welded to each end of the 
shock absorber assembly. Removal and installation procedures for the 
rear shock absorbers are given in the following paragraphs. 
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(1) Disconnect the lower end of the shock absorber by unscrewing 
the locknut from the mounting bolt and removing the mounting bolt. The 
shock absorber mounting eye contains a two-piece rubber bushing. 




(2) Disconnect the top end of the shock absorber by unscrewing 
the locknut and removing the mounting bolt as on the lower end. A two- 
piece rubber bushing is also used in the top mounting eye of the shock 
absorber. Two additional mounting parts, a plug and a washer, are also 
uaed at the upper end of the shock absorber. These are nonsupply items, 
so use care to prevent losing them when the shock is removed. 
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(3) When replacing the rear shock absorbers, connect the top end 
of the shock absorber first. Each half of the two-piece rubber bushing is 
made with a short taper on one end and a longer taper on the other end. 
The end with the longest taper is inserted into the shock absorber mounting 
eye. Tighten the upper mounting nut to 50-60 pound-feet and the lower 
mounting nut to 40-50 pound-feet. 




Rear suspension and related parts-— exploded view. 



SUPPLY ITEMS 



2. 


Insulator, spring suspension 


15. 


Bushing, suspension arm 


3. 


Nut, self-locking 


16. 


Nut, self-locking 


5. 


Bushing, shock absorber 


17. 


Arm, rear suspension 


6. 


Shock absorber 


21. 


Bumper, rear suspension 


10. 


Nut, self-locking 


22. 


Coil spring, rear suspension 
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EXERCISE 

Note * - Complete the following questions before continuing to 
lesson 5. 



56. The integral-type frame is also called the 

a. combination frame. 

b. conventional body and frame, 
c unitized body and frame. 

57. Which is the most commonly used elliptical leaf-type spring? 

a. Pull 

b. Semi 

c. Quarter 

58. What part of the spring assembly allows the leaf spring to 
lengthen or shorten as it flexes? 4 - 

a. Leaf clip 

b. Center bolt 

c. Shackle 

59. In the bogie suspension system, which item is mounted on 
tapered roller bearings? 

a. Bearing plate 

b. Spring seat 

c. Mounting pad 

60. What type of spring shackle has external threads on both ends? 

a. Y 

b. H 

c. U 

61. Which type of spring causes excessive bouncing due to its 
frictionless action? 

a. Coil 

b. Leaf 

c. Volute 
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What is the primary purpose of a shock absorber ? 



a, Limit spring compression 

b, Regulate spring rebound 

c, Act as helper spring 

63. A direct-acting shock absorber telescopes in and out and is commonly 
called 

a. a .vane-type shock absorber, 

b. a control-type shock absorber, 

c. an airplane-type shock absorber, 

64. The arrow on a torsion bar indicates I; J 

a. anchor end of the bar. 

b. direction in which the bar should twist,. 

c. direction in which the bar should unwind, 

65. What is used to protect the inner tube when it is installed with a tire 
on a flat-based rim? 

a. Breaker 

b. Cushion 

c. Flap 

66. If a spring is made up of several leaves bolted together, the spring is 
called a 

a. laminated leaf spring, 

b. variable rate spring, 

c. stacked leaf spring. 

67. In addition to holding the spring leaves together, the spring center bolt 
may also help to hold the 

a. U-bolts in position. 

b. axle in alinement. 

c. clips in place. 

68. If a tire size is 7. 50 x 20, the figure 7. 50 indicates the tire's approxi- 
mate 

a. width. 

b. diameter. 

c. circumference. 



69. When rotating the tires on the 1/4-ton truck M151, which tire is 
rnov^d to the spare position? 

a. Left front 

b. Right front 

c. Right rear 

70. On the 1/4- ton truck M15JL, the front shock absorbers are 
* attached to the front crossmember and to the 

a. lower suspension arm. 

b. coil spring. 

c. frame rail. 

71. The rubber insulators used on each end of the telescoping shock 
absorbers are also known as 

a. washers. 

b. supports. 

c. groiranets. 

72. What forces the hydraulic pistons to move in the double-acting, 
indirect (linkage type) shock absorbers? 

a. Springs 

b. Cams 

c. Valves 

73. The spring clips around the leaf-type spring are most important 
when the spring is 

a. compressing. 

b. loading. 

c. rebounding. 

74. The advanced rim used on the wheels of large military vehicles 
is 

a. tapered slightly at each head seat. 

b. flat-based with fixed side rings. 

c. the safety-type with a drop center. 

75. The inside lug nuts used with dual wheels on the right side of 
a large military truck have 

a. inner and outer left-hand threads 

b. inner and outer right-hand threads 

c. inner threads right hand, outer threads left hand 
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SECTION IV. 



CONCLUSION 



10. SUMMARY 

a. Some trucks and cars use separate frames, while others 
use the integral frame and body type of construction. Where the 
separate conventional frame is used, the steel side rails, cross- 
members, gussets, and mounting brackets are riveted together. In 
the integral frame and body the various body sections are welded 
together. 

b. There are three major types of springs used to suspend 
cars and trucks. They are the leaf spring, coil spring, and torsion 
bar. Common practice is to use leaf springs with axle-type suspension 
and coil springs with individual wheel suspension. However, coil 
springs may also be used with axle suspension and leaf springs with 
individual wheel suspension. Torsion bars are generally used with 
individual wheel suspension. The rear ends of many trucks are 
supported by bogie suspension units. 

c. Hydraulic shock absorbers are used to control vehicle 
bounding. The most commonly used type of shock absorber is direct- 
acting and regulates spring action on b&th compression and rebound. 

d. Tires are an important part of the suspension system. 
They provide the traction for driving and braking besides acting 
as a cushion to absorb road shock. Markings on the 'sidewall of a 
tire give the tire size, the number of cord plies, ^nd the tire's 
serial number. Rubber, fabric, and steel wires are used in the 
construction of the tires. 

e. The drop-center wheel rim is used on cars and small trucks. 
The drop center of the wheel permits the removal and installation 
of the tire with a one-piece wheel. Semidrop, fiat-base, and 
advanced rim wheels are used on large trucks. On jbhese wheel 
rims, a side ring must be removed before a tire can be removed 

or installed. 

f. Tools and equipment for removing and installing tire and 
wheel assemblies are provided in a toolkit that is supplied with 
each car and truck. On dual wheel trucks, each tire and wheel 
assembly must be removed and installed separately. When loosening 
or tightening wheel nuts, let the wheel rest on the ground to keep 
it from turning. Replacement wheels ■ should be inspected for correct 
size, conditioning, and proper air pressure. Dual wheels should 

be installed so that airflow around the brakedrum and between the 
whe s is not restricted and so the air valves can be gotten to 
eas r and quickly. 
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g, Tires and wheels should be rotated regularly to insure even tire 
wear* The same rotation plan which includes the spare must be used each 
time the tires are rotated. The best way to be sure that the same rotation 
plan is always used is for everyone to use the rotation plan described in the 
.vehicle TM. 

h. The vehicle TM should be followed very carefully when replacing 
items such as shock absorbers to insure that rubber insulators, etc, are 
positioned and tightened properly* Extreme caution must be observed when 
disconnecting suspension parts to make sure that tension on the suspension 
springs is not released suddenly. This is a sure way to be a casualty. 

11. PRACTICE TASKS. The appendix of this lesson contains a list of tasks 
associated with suspension systems* They are representative of the tasks 
you will be required to perform as a wheeled vehicle mechanic. Perform 
all of tha tasks listed. Be sure you are under the supervision of an officer, 
NCO, or specialist who is qualified In the MOS when you practice the tasks. 
If, you find you are having difficulty in certain tasks, restudy the appropriate 
training material and practice the tasks until you become proficient in each 
one. 
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PRACTICE TASK LIST 

Practice Objective After practicing the following tasks you 

will be able to: 

). Locate the frame and suspension 
components on wheeled vehicles in 
your unit. 

2. Inspect the condition of the frame, 
shock absorbers, springs, and 
shackles on wheeled vehicles. 

3. Locate the tire size on various 
wheeled vehicles and determine the 

^ tire condition. 

4. Demonstrate how to replace the 
shock absorber on a 1/4-ton truck. 

Practice Tasks* 

1. Look at the frames on as many different types and sizes of wheeled 
vehicles as possible in your unit* Pay particular attention to how the frame 
is attached to the rest of the vehicle. See how many frame components you 
can name correctly. 

2. Inspect the condition of the frame to include the crossmembers and 
reinforcement gussets. Look for any defect or damage that should be re- 
paired or that would require the item to bo replaced. 

3. Locate the suspension components on each of the vehicles. Notice the 
different types and sizes of components used on the various vehicles. Notice 
how the springs and shock absorbers are connected to the axles and to the 
frames. 

4. Inspect the condition of the shock absorbers, springs, and shackles by 
looking for defects and damage. On the 1/4-ton truck you can try bouncing 
the vehicle to test the resistance of the shock absorbers. Make sure you 
test all four corners of the vehicle. 

5. Locate the tire size on each of the vehicles. Using the information you 
have gained from this lesson, determine if the tires are matched in their 
initial size and their present wear. 

,-46 177 
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6. Remove or assist in the removal and installation of the shock absorbers 
on a 1/4-ton truck. Inspect the condition of the grommets and mounting 
points. When installing the shock absorbers, make sure the retaining nuts 
and bolts are tightened correctly. < 

7. If any defects or damage was detected during your inspection of the 
frame and suspension, make sure you report this to the specialist, NCO, 
or officer who is supervising the practice tasks. This information could 
prevent an expensive and time-consuming breakdown of the vehicle ai a 
later date. 
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Lesson Objective . After studying this lesson you 

will be able to: 



1. Describe the procedures for 
inspecting and testing the 
frame and suspension system 
of a: 1/4-ton truck M151. 

2. Describe the procedures for 
locating crack* in a frame < 

3. Explain the methods used to 
identify malfunctions in a 
suspension system. 



4. Describe the procedures for 
inspecting and testing ball 
joint type suspension systems, 
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5. Explain the procedures used 

to remove and replace suspension 
system components on the 
1/4-ton truck. 



6 # Describe the procedures f ">r 
inspecting and testing th sus- 
pension system components 
of the 1/4-ton truck. 

7. Explain the methods determine 
a malfunctioning vehicle sus- 
pension spring. 

8 # Describe the procedures used 
to remove and replace a rear 
spring seat on a tandem axle 
truck. 



Materials Beouired 



ALL STUDENTS. Answer sheet 
and exercise response list. 



CORRESPC.^ENCE/OJT 

STUDENTS. 

See appendix. 



Sugge tions 



When studying the lesson be sure 
to study the illustrations along with 
the text. 
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STUDY TEXT /70 

SECTION I. f/aME AND SUSPENSION SYSTEMS OF THE 
1/4-TON TRUCK M151 



1, INTRODUCTION* Have you ever watched a dog trotting down a road? 

If you looked closely you probably noticed that the dog was trotting sideways. 
This is because his hind legs followed to one side of his front legs so that 
they would not hit each other, 

■j 

a* This sideways movemenv might work all right for dogs, but it just 
doesn't work on wheeled vehicles* They are designed to travel with the 
\^ rear end tracking the front end, except when turning corners. 

b. This does not mean that all rear wheels must follow in the front 
wheel tracks even when the vehicle is following in a straight line. This 
factor depends on the distance between the wheels of each axle and the con- 
ditions of the roadbed. This does mean, however, that the rear wheels, 
when on a level, straight road, should track in proportion to the front wheels. 

c, If a wheeled vehicle travels sideways on a straight, level road, 

you can rest assured that something is wrong. The problem could be caused 
by a bent frame, broken spring, improperly assembled parts, as well as 
many other things. It is not hard to see when a vehicle is not traveling or 
tracking properly, but finding the cause is sometimes quite a task. The first 
step, and quite often a very effective step, in finding the cause is *>o make a 
visual inspection of the frame and suspension components. Let's see how an 
inspection is made. We will start with the 1/4-ton truck. 

2, INSPECTION AND TEST PROCEDURES. When inspecting and testing 
the suspension system and unitized body and frame, the vehicle should be 
on level ground (preferably a concrete floor) and unloadad. 

a. Before attempting to check the frame for alinemei.t, inspect the 
tires to see if they are worn evenly. A vehicle that is not alined properly 
will cause tires to scuff and wear rapidly. Bring the air pressure for each 
tire up to the required amount. A low tire will give you false readings when 
checking the frame. 
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' « b. The first check will be to determine if the vehicle is setting level 
with the floor. Refer to the illustration as we discuss the following check. 



KANE X 

(p At Aim 

TO GROUND) 



TOP OF 
FRAME 




> 



REAR BODY PANEL LOWER SILL AT OF 
VEHICLE TO BE .30 i .012 HIGHER THAN 
THE TO* OF FRAME AT FRONT OF GRILLE 
GUARD. 



REAR BODY 
PANEL LOWER 

SILL 




VEHICLE 



PLANE X 



312 
288 



(1) At the front of the vehicle, measure the distance from the top 
of the frame (just below the grille guard) to the floor, and record the reading. 

(?) Next, measure the distance from the rear body panel sill to the 

floor. 

(3) The distance measured at the rear of the vehicle should be 
3/ 10th of an inch greater than the distance measured at the front. 

c. Tne next check is made to see if the front and rear drives Are 
properly alined form side to side. The check consists of measuring the 
distance indicated by "A" in the illustration above on both sides of the 
vehicle. This test requires an assistant, two punches, and a piece of string 
long enough to reach from the center of the front wheels to the center of the 
rear wheels. 

(1) Tie one end of the string around the shank of a center punch. 
Have your assistant hold the point of the punch in the hole in the end o£ the 
liftAig eye on the front hub. Insert the second center punch in the hole in 
the end of the lifting eye in the rear hub. Pull the string taut and wrap it 
around the punch. Hold the string so it cannot unwind from the punch and 
move to the other side of the vehicle. Measure the distance between the 
hub lifting eyes on that side. 
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(2) The distances from one side to the other must be within 1/4 
inch. Be sure the front wheels are in the straight-ahead position when 
measuring these distances. If the difference in these distances exceeds 
1/ 4 inch, the rear wheels will not track behind the front wheels. This 
indicates something is out of alinement. ' 

(3) Usually, if the rear wheels fail to track, the fault lies with 
the frame or the suspension system. On the M151, however, with its 
unitized bidy and frame and independent suspension, other components 
such as the suspension arms or the body itself could be at fault. 

d. The unitized body and frame can be checked with acceptable 
accuracy by using a plumb bob, chalk, and a tape measure. The accompany- 
ing illustration shows the front suspension and drive assembly of a 1/4-ton 
truck M151 removed from the vehicle. The assembly includes the front 
crossmernber, which is bolted to the two rails of the frame at the front of 
the vehicle. The arrows, identified by the letter "A, " point to the holes 
through which two of the bolts that secure the crossmember to the frame 
are located. 




(1) With the front suspension and drive assembly mounted to the 
frame of the vehicle, suspend a plumb bob from the bolts through these two 
holes to a point ju?t above the floor. Use a piece of chalk and place a mark 
on the floor under the plumb bobs. Be sure your chalk marks are directly 
under the plumb bobs. 
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(2) With the rear suspension and drive assembly in place under 
th?» vehicle, use the plumb bob under the bolts indicated by the letter "B. " 
Mark the spot directly under the plumb bob at each point with a piece of 
chalk. 



WHEEL AND 
TIRE ASSY 




BRAKE 
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(.*) Now roll the vehicle forward, being careful not to roll the 
wheels over your chalk marks on the floor. Measure the distance from the 
chalk mark made under point "A" oa the left front side of the vehicle to the 
chalk mark made under point "B" on the right rear side of the vehicle. 
Record this distance, and then measure from point "A" on the right front 
side of the vehicle to point "B" on the left rear side. If these two distances 
are not within 1/4 inch, some component of the unitized body and frame is 
bent, twisted, or cracked. 



11H 

(4) If the alinement check just described reveals that the frame 
and body are not alined properly, try to find out why. Look for broken 
welds, evidence of an accident, or cracked frame rail extensions. On the 
Ml 51 truck, look especially for broken welds. Notice in the illustration 
of the unitized body and frame used on the Ml 51 that all joints are welded - 
no bolts or rivets are used. 
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e. Frames will often crack from strain. The crack shown is on the 
frame of an M38AI truck, but similar cracks can occur on almost any 
vehicle frame. Repairs involving the frame and body cannot be made by 
organizational maintenance personnel. When such faults are fcund, notify 
your support maintenance unit. The fact that you are not authorized to 
make the repairs, however, does not mean you are not allowed to locate 
the fault. 




f. Most suspension system faults can be corrected at the organizational 
maintenance level. The replacement of shock absorbers was explained in the 
preceding lesson, so this one will deal with the other suspension system 
components. 
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(1) If you recall, the Ml 51 truck has coil springs at all four 
wheels. If one of the coil springs is weak, the vehicle will lean toward the 
side with the weak spring. Notice that the illustration shows a method of 
determining if either of the front springs or related parts are causing the 
vehicle to sag. 




CENTER OF THE FRONT WHEEL SHAFT TO BE 

.56 t .03 HIGHER THAN THE CENTER OF THE O R0 E38729 

LOWSR CONTROL ARM FRONT PIVOT. 



(2) Stretch a string across both front tires at the point where the 
string will cross the center of the lower control arm pivots. With the 
string in position, measure the distance from the string to the center of 
the wheel shaft on both sides. If either spring is sagging, the height of the 
wheel shaft above the string line will be less than the amount shown (0. 56 
inch). 

(3) Before condemning the spring on the sagging side of an M151 
truck, check all other suspension components. Worn control arm pivots, 
spring seats, or ball joints can also cause the vehicle to sag. 

g. The ball joint suspension system on the 1/4-ton truck has quite a 
job. The lower ball joint supports most of the load while the upper joint 
has the primary purpose of maintaining alinehnent. The lower joint normally 
wears faster than the top joint. This wear can be checked using the follow- 
ing method: 
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(1) To check the lower ball 
joint, use a caliper as shown in the 
illustration, and measure the distance 
from the top of the ball joint to the 
bottom of the bolt (while the front 
wheel is on the floor and the joint is 
supporting the load). Then place a 
jack under the front axle drive gear 
case and raise the vehicle until the 
front wheel clears the floor. Jack- 
ing up the vehicle in this manner will 
relieve the lower ball joint of its 
normal load. 




cm tmm: 



(2) Now measure the joint again with the caliper. The measure- 
ment of the joint will nov; be greater because the ball inside the joint can 
drop slightly in its socket. It should not drop more than 1/8 inch, however. 
If the overall height of the joint increases by more than 1/8 inch when the 
joint is relieved of its load, it must be replaced. If the increase is less 
than 1/8 inch, the ball joint is OK and need not be replaced. 

h. Two other points where excessive wear can occur are the control 
arm pivots. Worn pivot bushings will allow the control arms to shift. If 
the bolts that secure these pivots to the crossmember are loose, the effects 
on both the steering alinement and the suspension system will be the same 
as with worn pivot bushings. Any loosener at these points must be cor- 
rected. 

i. Make a complete inspection of the suspension system before 
replacing any of the unserviceable parts. Such an inspection can save you 
a lot of work, because if several components are defective you can replace 
all such components at one time. 

3. SUSPENSION SYSTEM COMPONENTS REMOVAL AND REPLACEMENT. 
Most of the suspension components can be replaced with the front suspension 
and drive assembly under the vehicle. However, if defective components 
are to be replaced on both sides of the assembly, it may be easier to remove 
the entire assembly from the vehicle. The crossmember of the front sus- 
pension and drive assembly is secured to the two frame rails by eight bolts. 
For the purposes of this lesson we will describe the procedures to be fol- 
lowed with the suspension and drive installed under the vehicle, although 
for reasons of clarity some of the illustrations will show the assembly re- 
moved from the vehicle. 
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a. To replace either front spring, support the vehicle on jack stands. 
Place the -stands under the unitized body and frame at the point where the 
front frame rails are Welded to the body. 

(1) Remove the shock absorber from the center of the spring, 
following the procedure described in the preceding lesson. 



(2) Now place a jack under 
the lower control arm at the point 
where the shock absorber lower 
bracket was installed. Raise the 
jack just enough to relieve any of the 
weight on the lower control arm. 
Loosen the three nuts and bolts that 
secure the lower control arm pivot 
to the crossmember. To help you 
see the points more clearly, this 
illustration shows the suspension 
system out from under the vehicle 
and upside down. 





(3) Wedge the lower 
control arm pivot away from its 
mounting brackets and remove the 
aJinement shims. Keep the shims 
from each bolt separate so they can 
be replaced in the same location. 
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(4) With the bolts removed 
from the pivot, lower the jack under 
the lower control arm. The spring 
can now be lifted off of its seat in the 
control arm. 



INSULATOR 





(5) Inspect the insulator 
located in the spring seat in the 
crossmember. If it is torn or 
otherwise damaged, replace it. 



c * >u ( I JV nSta11 a nGW Sprin S' J" ust * ev «so the removal procedures 
Seat the end of the coil of the spring in tie lower control arm and install " 

nnt.tT^ T,fr,r! b ° ltS ' nUtS ' ^ ShimS - Tor * ue the waller 
nuts to 45-55 lb- £ t and the larger nut to 60-70 Ib-ft. 

of vnnr l \ J"*** 1 , 1 ^ absorber and make a thorough inspection 

of your work to make sure the job is complete. Finally, recheck the vehicle 
to make sure xt does not sag to one side. 

b. To replace the ball joints, 
support the vehicle and the lower 
control arm in the manner described 
for the front spring replacement. 
Unscrew the lug nuts and remove the 
vheel and tire. Distonnect the 
universal joint at the spindle flange. 
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(1) Remove the cotter Key 
and nut from the tie rod end. The 
portion of the tie rod end that extends 
through the steering arm is tapered 
so that it is wedged in the arm when 
properly tightened. To remove it, 
use a hammer to strike the steering 
arm. Do not attempt to drive the 
tie rod out of the arm by hammering 
on its threaded end. 



(2) Remove the lock clip 
that secures the brake hose to its 
tang. Then disconnect the hose 
from the tube. 



\ 
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(3) Now remove the three 
bolts and nuts that attach the lower 
ball joint to the lower control arm. 
Then remove the nuts and bolts that 
secure the upper ball joint to the 
upper control arm. Again these 
illustrations are shown upside down 
so that the working points are 
easier to see. 



(4) Be sure the jack is 
supporting tho lower control arm 
and coil spring assembly. Pull the 
spindle support assembly and wheel 
hub away from the upper and lower 
control arms and mount the spindle 
support in a vise. 
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(5) Remove the cotter key 
and loosen the ball joint nut. Back 
off on the nut until it is flush with 
the end of the threads on the ball 
joints. The ball joint stud is tapered 
like the tie rod end, so it is wedged 
in the spindle support. 



8 All 
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(6) To remove the stud 
from the spindl^support, tap on 
the nut with a soft hammer. At the 
same time tap vigorously on the 
spindle support with a hard-faced 
(machinist) hammer. 
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(7) When the ball joint is 
loose in the spindle support, finish 
removing the nut and remove the 
ball joint from the spindle support. 
Repeat this operation for the other 
ball joint to remove it from the 
spindle support. 



(8) ^Lubricate the new ball joints and install them in the spindle 
support. Tighten both nuts to 60-70 lb-ft of torque; then install and secure 
the cotter key. 

(9) Install the spindle assertbly by reversing the steps followed 
to remove it. Tighten the nuts on f he bolts that secure the ball joints to 
the upper and lower control arms to 35-40 lb-ft torque, 

(10) You should bleed the brakes after the brake hose is connected 
to the tube to remove any air that might have entered the system while the 
brake hose was disconnected. Procedures for bleeding the brakes are 
explained in a later lesson, 

c. Once the suspension is completely assembled, the front end or 
wheel alinement should be checked. This includes the caster, camber, 
and toe-in of the front wheels. Even though you did not have to replace any 
parts, the play or clearance between the bolts and bolt holes of the various 
parts can cause the wheel alinement to be wrong. Wheel alinement is per- 
formed by support maintenance personnel. Before the vehicle is driven to 
the support maintenance shop, however, the toe-in should be checked and 
set \i necessary. This task, which you are authorized to do, will prevent 
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the tires from wearing excessively while the vehicle is being driven to the 
support maintenance shop. The toe-in can be checked using the same toe- 
in gage that was discussed in an earlier lesson on a 2-1/2-ton truck. If an 
adjustment must be made, make sure that you turn both tie rod sieeves an 
equal amount. This procedure can prevent the need for recentering the 
steering wheel and gearing at the support maintenance shop. The toe-in, 
when correct, should be between l/32d and 5/32d of an inch. 

d. Above all, be safety conscious 
when working on the suspension system. 
REMEMBER, UNDER NORMAL CONDI- 
TIONS, THE SPRING IS UNDER CON- 
SIDERABLE TENSION. IF YOU DIS- 
CONNECT ANY ITEM THAT HELPS 
TO HOLD THE SPRING IN PLACE 
WITHOUT PROVIDING ALTERNATE 
SUPPORT, YOU COULD BE SERIOUSLY 
HURT. A coil spring will react violently 
if its support is disconnected while it is- 
under tension. A leaf spring, if suddenly 
relieved of its support, is dangerous, 
too. ALWA7S MAKE CERTAIN THAT 7 
COMPONENTS ARE WELL SUPPORTED 
BEFORE YOU DISCONNECT ANYTHING. 




SECTION II. FRAME Afrtt) SUSPENSION COMPONENTS ON 
THE M35-SERIES N 2-l/2-TON TRUCKS 

4. FRAME ALINEMENT INSPECTION PROCEDURES. Many of the proce- 
dures for inspecting and checking the ^151 truck will also apply to larger 
vehicles. \ 

a.. For example, we can check the ability of the rear wheels to track 
the front ones on large vehicles the same way we checked them on the 1/4- 
ton truck. Using an assistant, two punches, Wi a piece of string, check 
distances A and B the same way you made the check on the 1/4-ton truck. 



MAIN SIDE RAIL 




5-16 



ERIC 



196 




(1) The frames used on medium and heavy trucks usually have 
parallel rails* The alinement of such a frame can be checked with a plumb 
bob, a piece of chalk, and a tape measure hi a manner similar to that used 
to check the unitized body and frame on the Ml 51 truck, 
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(2) On larger trucks, however, more measurements are needed. 
Notice in the illustration that distance A should equal distance B, Distances 
C and D should also be equal, as well as distances E an£ F. If these dis- 
tances are ndt equal- within 1/4 inch, the frame is bent, sprung, or broken. 









A 

^ D 


... 

















b. Even if the measurements are satisfactory, the frame should be 
thoroughly inspected for cracks and for missing bolts or rivets. A frame 
can be cracked and still by perfectly in line. 
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(1) Notice the appearance of a typical crack in a 6X6 truck frame. 
The illustration also shows that one of the rivets that attaches the reinforcing 
plate to the frame rail is missing. 




(2) Some cracked frames can be welded by maintenance support 
units. The organizational mechanic should not attempt to repair such 
cracks. However, he can replace missing or loose rivets and bolts. He 
can also alert the unit motor officer or sergeant about such conditions so 
they can take action to have cracked frames or frames with loose or missing 
bolts and rivets repaired. 

(3) Cracked frames are most often the result of overloading the 
vehicles or subjecting them to high-impact loads. Most cargo trucks have 
long wheel bases, which means, of course, the frames are also long. In 
cross-country operation, severe stresses are placed on the frame members 
as the wheels climb over stumps or rocks. Vehicles that have been subjected 
to such operations should be thoroughly inspected for cracked frames and 
missing bolts or rivets. 
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(4) Loose rivets in frame 
members must be removed and re- 
placed by bolts. Do not use a con- 
ventional cold chisel to cut off the 
heads of loose rivets. A cold chisel 
actually cuts the rivet and, as a re- 
sult of the hammer blows, can en- 
large the rivet holes. The proper 
tool to use is a rivet buster. It re- 
sembles a cold chisel, but its cutting 
edge is different. It "pops" or 
wedges the head off of a rivet instead 
of cutting it off. There is less 
chance of enlarging the rivet hole if 
the rivet buster is used. 
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(5) Always use SAE * 
(Society of Automotive Engineers) 
grade 5 bolts of the proper diameter 
and self-locking nuts to replace the' 
rivets. Grade 5 bolts can be identi- 
fied by the three lines radiating out 
from the center of the head of the 
bolt. Such bolts have much greater 
holding strength than lesser grades. 



5. SPRING MALFUNCTIONS. A 
vehicle with a weak spring will sag 
to the side of the weak spring. On a 
vehicle equipped with leaf springs, 
the weak spring can usually be 
located by comparing the positions 
of the spring shackles on each side 
when the vehicle is unloaded. With 
the truck unloaded and parked on 
level ground, the spring should be 
arched (item B) and the shackle 

should form a right angle, or an angle close to it, with the frame rail 
(item 2). If, however, the spring is weak, it will have lost much of its 
arch and the shackle will have moved closer to the frame (A and C). 
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6. 9 Sp'RING AND SPRING SEAT REPAIR OR REPLACEMENT. Probably 
the most common problem with leaf -type springs is the spring center bolt. 
This bolt usually breaks as a result of loose U-bolts. The spring center 
bolt not only binds the leaves together, but it also maintains the alinement 
of the spring and axle. In fact, if the axles are not in alinement/ or if the 
wheels fail to track, the spring center bolt is the most probable cause. 

a. Notice the exploded view of a typical leaf spring. Items 6 and 9 
are the spring center bo^t and nut. Items 1 and 2 are the spring rebound 
clips, and items 3 and 4 are the spacers and bolts that clamp the rebound 
clips around the assembled spring. Item 5 is the mounting pin. The eyes 
at the end of the first leaf (it^em 7) slide into the eyes of the second leaf 
(item 8). This gives the spring more strength than a single leaf for support- 
ing the load* 




b. When assembled, the head 
of the spring center bolt fits into an 
alinement hole on the axle housing. 
It is clamped in the alinement hole 
by the two U-bolts. If the U-bolts 
are loose, the head of the spring 
center bolt" is usually sheared off 
by the impact caused by the axle 
attempting to shift when the wheel 
hits an obstruction such as a hole in 
the road or a stump* 




CEKJCfl BOLT 
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c. With the spring center bolt broken, the spring leaves can shift or 
the axle can shift* Either way the axle alinement with the frame is lost, 
and the load carrying capacity of the spring is reduced. When the center 
bolt is broken on either a front or rear spring, the spring must be removed 
from the vehicle for repair. 

d. To remove a 2-1/2-ton truck M35A1 front spring, proceed as 
follows: 

(1) Position a jack under the frame rail at the rear of the spring 
shackle and raise the vehicle enough to relieve the spring of the load, but 
leave the wheel resting on the floor. 

(2) Use a jack stand to support the raised frame rail., 

(3) Remove th£ U-bolt nuts and the U-bolts that secure the axle 
to the springs. (If you desire, you can remove the shock absorber first to 
have it out of your way. ) 

(4) Remove the bolt that holds the spring shackle pin in place and 
drive out the shackle pin with a drift and a hammer. 

(5) Remove the spring pivot pin at the opposite end of the spring, 
following the same procedure used to remove the shackle pin. 

(6) Lift the spring off of its seat on the axle housing and remove 
it from the vehicle. 




"End cca*p 
•ve$co END 
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I V e. When assembled, the spring is under tension. So if you are coins 
to disassemble the spring, be careful. Clamp the spring in a vise before 
x< novmg the spring center bolt or the clips. After the center bolt is re- 
moved, open the vise until the tension is relieved. 

(1) Clean all of the leaves of the diassembled spring and inspect 
each leaf for cracks or excessive wear. Check the pins and bushings for 
proper fit in the spring eyes. If it is necessary to replace the spring eye 
bushings, a press should be used to remove the old bushings and to install 
the new ones. 

* 

(2) When-a^sembUng the spring, stack the leaves in their proper 
order, starting^ith the longest leaf. Clamp the assembled leaves in a vise 
or other clamping de* ce and insert the spring center bolt. After tightening 
the nut, use the roundt head of a ball, peen hammer and peen the end of the 
bolt over the nut. This keeps the nut from accidentally backing off. Then 
install and secure all spring clips. 

f. When installing a new or rebuilt spring under the vehicle, it is 
usually easier to rest the spring on the axle housing first. Install the pin 
that secures the front of the spring to the front spring hanger? then install 
the shackle at the rear of the spring. 

{1) Shift the axle housing back and forth until the head of the spring 
center bolt drops into the alinement hole in the spring pad on the axle 
housing. Now you can install and tighten the spring -to -axle housing U-bolts 
If you removed the shock absorber, it can new be put back in place. 

(2) Remove the jack stand from under the frame rail and lower 
the vehicle. With the weight of the vehicle now on the spring, retighten the 
U-bolt nuts. 
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g. On 6X6 trucks equipped with bogie axles, the spring-axle relation 
ship can be upset by a broken spring center bolt or loose U-bolts. The 
relationship can also be changed by bent torque rods or loose or worn 
spring seat bearings. 



«00jBMC*ET 




h* To remove the rear spring on the 2- 1/2-ton truck, proceed as 
follows: 

(1) Park the vehicle on level floor and block both front wheels. 

(2) Jack up both rear axles and place jack stands under each one. 

(3) If both rear springs are to be removed, remove all rear 
wheels. Otherwise, remove the wheels on the side of the spring to be 
removed. 



(4) Using a suitable hoi si or wrecker, raise the vehicle frame and 
body enough to remove the load on the rear springs. 

(5) Place jack stands under the frame rails to support the vehicle 
and take the weight off of the springs. 
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' • / (6) Remove the nuts f^om the spring U-bolts and remove the bolts 
and saddle (items E and F). 



(7) Slide the spring assembly forward or backward in its bracket 
guides (items A and B) until the other end of the spring clears its bracket 
guide. Lift out the spring. 

(8) Notice in the illustration that the spring guide plates (items A 
and P) are replaceable. If the spring has worn these items excessively, be 
sure to install new ones. 




Key 

A Plate, spring guide, bottom 

B . Bracket, guide 

C ftimper, rubber 

D Nut, hex 

,E Bolt, U- 

F Saddle, spring 

G Pin, lifting, spring saddle 

H Clip, spring leaf 

J Leaf, spring 

K Clip, spring leaf 

L Nut, hex 
M - Wa*her 

N Bolt, hex 

P Plate, spring guide, bottom 

Q Bracket, guide 



Key 


Item 


H 


Leaf, spring 


S 


Leaf, spring 


T 


Leaf, springy 


U 


Leaf, spring" 


V 


Leaf, spring 


W 


Leaf, spring 


X 


" Leaf, spring 


Y 


Leaf, spring 


Z 


Hut, hex 


AA 


Washer, lock 


BB 


Bolt, center 


CC 


Leaf, spring 


DD 


Leaf, spring 


EE 


Leaf, spring 


PF 


Leaf, spring 


5- 
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i. With the spring removed, check the spring seat bearings on th 
trunnion shaft (also called the bogie shaft or spring seat cross-shaft). 



(1) First, remove the six 
bearing capscrews. Then straighten 
the tang on the adjusting n"t lock. 




(2) Using the wheel bear- 
ing wrench, remove the outer nut or 
locknut. Lift the lock off the bear- 
ing shaft and remove the inner or 
adjusting nut. Now slide the spring 
seat and outer tapered roller bear- 
ing off of the shaft. The inner bear- 
ing will remain on the shaft. 
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(3) Replace and/or lubricate the bearing cones, races, and seals 
as necessary. Then install the spring seat on its shaft. With the bearings, 
spacer, and adjusting nut in place, tighten the adjusting (inner) nut to 60-75 
lb-ft torque. Install the tang lock and locknut. Torque the locknut to 100- 
150 lb-ft; then bend a tang of the lock over the locknut. Finally, install a 
new gasket and replace the bearing cap. 

j. Install the spring by reversing the procedures followed to remove 
it. Tighten the spring U-bolts securely. Mount the wheels and tires on the 
hubs and remove the jack stands. Road test the vehicle; then reinspect your 
work. 

k. Always replace torque rods if they are bent or if the ball sockets 
are excessively worn. To remove a torque rod, first, remove the nuts on 
the ball socket studs. Then, using a suitable drift (preferably brass) and a 
heavy hammer, drive the studs out of the tapered holes in the suspension 
and axle mounting brackets. Install a new torque rod and tighten the ball 
socket stud nuts to 350-400 lb-ft torque. 



SECTION IH. CO! 3JLUSION 



7. SUMMARY. In this lesson we discussed procedures that can be used 
when maxntainxng the suspension system of a wheeled vehicle. However 
just knowxng the procedure, is not enough. You must also develop your skill 
and this can only be done through practice. ' 



8. PRACTICE -TASKS. The appendix of this lesson contains a list of tasks 
associated with the maintenance of springs, shock absorbers, and frames. 
They are representative of the tasks you will be required to perform as a 
wheeled vehicle mechanic. Perform all of the tasks listed. Be sure you 
are under the supervision of an officer, NCO, or specialist who is qualified 
in the MOS when you practice the tasks. If you find you are having difficulty 
in certain tasks, restudy the appropriate training material and practice the 
tasks until you become proficient in each one. 
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EXERCISE 

Note - Review the lesson exercise directions in lesson l. 

76. Before removing the center bolt from an assembled leaf-tvoe 
spring, the spring should be: yp 

a* cleaned with solvent. 

b. inspected for cracks. 

c. clamped in a vise. 

77. The ends of the springs on a bogie suspension system are 
supported by: 2 

a . shackljes . . 

b. seats. 

c. guide plates. 

78. What tool or equipment is used to measure the wear of the lower 
ball joint on a 1/4-ton truck M151? 

a. Plumb bob 

b. String and two punches 

c. Caliper 

79. A weak leaf - type spring can be detected by checking the position 

a. u-bolt. 

b. shackle. 

c. pivot pin. 

80. Where are the alinement shims located on the suspension system 
of the 1/4-ton truck Ml 51? p 

a. Between the upper and lower ball joints 

b. On the lower control arm mounting bolts 

c. Under the coil spring insulator 

81. What grade bolts should be used to replace missing rivets in 
the frame of a 1-1/2-ton truck? 

a. 3 

b. 4 

c. 5 
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82. Spring center bolts arc usually broken a* a result of loose 

a. U-bolts. 

b. shackles. 

c. pivot pins. 

83. What is done to keep the spring center ^olt nut tight on the bolt threads? 

• a. A cotter key is installed and secured through the bolt 

b. The end of the bolt is reened with a hammer 

c. The tangs of a lock are bent over the flats on the nut 

84. Frame alinement can be checked on the l/4-ton and 2-1/2-ton trucks 
by using a tape measure, a piece of chalk, and. a 

a, carpenter's square. 

b. machinist caliper. 
c| plumb bob. 

* 

85. The spring seat bearings on a bogie axle suspension system are mounted 
on a 

a. trunnion shaft- 

b. torsion bar. 

c. torque rod. 

86. How much torque should be applied to the spring seat bearing adjusting 
nut on the 2-1/2-ton M35- series truck? 

a. 30-45 lb r ft 

b. 60-75 Ib-ft 

c. 100-150 Ib-ft 

87. During an inspection of a 2-1/2-ton truck you find that the frame has a 
small crack in the side rail. What action should you, as a wheeled 
vehicle mechanic, take to repair the frame? 

a. Plate the frame on the outs. «e ✓ 

b. Notify direct support of the damage 

c. Weld the crack on both sides of the frame 
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88. 



How is the front crossmembcr secured to the frame rails on the 1/4 
ton truck MI51? 



a. Bolted 

b. Riveted 

c. Welded 

89. What component must be removed before the coil spring can be removed 
from the front suspension and drive assembly on the Ml 51 truck? 

a. Shock absorber 

b. Lower ball joint 

c. Spindle support 

90. Which item must be disconnected on the 1/4-ton truck Ml 51 in order 
» to remove the front spindle support? 

a. Lower control arm pivot 

b. Shock absorber 

c. Hydraulic brake hose 

91. What type of wrench is used to turn the spring seat bearing adjusting 
nuts on the 2-1/2-ton M35-series trucks? 

a. Wheel bearing wrench 

b. Face spanner wrench 

c. Wheel lu*g nut wrench 

92. If the rear wheels of a 1/ 4-ton t ;.ck do not follow the path of the front 
wheels when the vehicle move*> -aight down a level road, we say the 
rear wheels are not 

a. alining. 

b. dogging. 

c. tracking. 

93. When removing a front spring from the 1/4-ton truck M151, the jack 
.> stands should be placed under th«. 

a. <crossmember. 
' b. frame rails, 
c. control arm. 
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94. When installed, the ball socket stud nuts on the torque rods used on the 
2-1/2-ton trucks should be tightened with a torque wrench to a minimum 
of 

a. 150-200 lb-ft. 

b. 250-300 lb-ft. 

c. 350-400 lb-ft. • 

« 

95. You have just replaced a bent spindle support on a 1/4-ton truck Ml 51. 
The truck must be driven about 10 miles to a support maintenance shop 
for wheel alinement. What portion of the wheel aiinement should be 
correct before the vehicle leaves the organizational maintenance shop? 

a. Camber 

b. Toe-in 

c. Caster 
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APPENDIX 
PRACTICE TASK LIST 



Practice Objective After practicing the following tasks you 

will be able to: 

1. Inspect and test the frame and sus- 
pension system of a 1/4-ton truck 
Mi 51. 

2. Inspect a vehicle with a cracked 
f % s frame* 

. 3. Troubleshoot a suspension system 
for malfunctions. 

* 

4. Inspect and test a ball joint type 
suspension system. 

5. Remove and replace suspension 
system components. 

6. Inspect and test the suspension 
system components of the M35- 
series trucks. 

7. Troubleshoot a malfunctioning 
vehicle suspension spring. 



* 8. Remove and replace a broken 
spring bolt. 

Practice Tasks . < 

1. We no doubt often take the vehicle's suspension system and its compo- 
nents for granted and maybe more or less ignore them. Moreover, like * 
most- everything, they do require some maintenance. Therefore, you should 
be able to do that portion of this job that applies to organizational mainte- 
nance^ To beconhe^SjdUle_d jtn the inspection and testing of this system, here 
are some of the things you should practice: 

a. Visually inspect several vehicles in your unit for bent or damaged 
components such as: 

# 

(1) Broken or weak springs. 
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(2) Loose or missing mountings and bolts, 
{3) Defective shock absorbers. 



(4) Cracked frame, loose or missing mounting rivets, and 
cracked welds. 

b. Check frame and suspension for aUnement. 

(1) Check frame and body for alinement. 

(2) Check front and rear drives for alinement. 

2. While some of the work on the suspension system may have to be done 
at support maintenance, here V e a few things you should practice on the 
2-1/2-ton and 1/ 4-ton M151 vehicles in your unit: 

a. Remove and replace the springs and s^ock absorbers. 

b. Check the ball joints for wear and replace if necessary, 

sar ° CheCk C °° dition ° f the contro1 P^ots and repair as neces- 
sary. ^ 

3. Assist contact teams from your support maintenance in the following 
maintenance tasks: 6 

• i a ?' w, e e T Val and re P lacement of and rear-drive. systems on a 

if 4-ton Ml 51 vehicle. 

b. Removal and replacement of a bogie suspension system on a 2-1/2- 
ton cargo truck. ' - • 
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Lesson Objectives After studying this lesson you will 

be able to: 



1. Describe the tools and equip- 
ment needed to remove wheels 
and tires from wheeled 
vehicles. 

Z. Describe the tools and equip- 
ment used to inspect and repair 
tires and tubes. 

3. Explain the procedures for 
inspecting wheels ai.J tires. 

4. State the purpose and explain 
the procedures for rotating 
wheels and tires. 

5. Explain how wheels, tires, and 
tubes are removed and installed 
on military wheeled vehicles. 

6. Describe the methods of repair- 
ing tubes and tubeless tires. 
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ALL STUDENTS. Answer sheet and 
exercise response list. 
CORRESPONDENCE/OJT OPTION 
STUDENTS. See appendix. 

When reading the study assignments, 
carefully study all of the accompany-* 
ing illustrations, 

STUDY TEXT 

SECTION 1. TOOLS AND EQUIPMENT. 

1. INTRODUCTION. The cushion of air inside the tires on the wheels of the 
vehicle is one of the things ^hat permits the high-speed operation of sedans 
and trucks. Early trucks were equipped with solid rubber tires. Picture, if 
you will, what it would be like to travel at high speed on solid wheels , even 
on the modern superhighway. The road shocks might well be more than the 
passengers or vehicle could endure. The invention of the pneumatic (air- 
filled) tire permitted a great increase in vehicle speeds. A pneumatic tire 

it able to absorb road shocks or at least reduce their effect. This means that 
the cushion of air is also important to the vehicle that must operate off of the 
road on rough ground. 

a. Tires used on a tactical military vehicle must be able to withstand 
more punishment than similar civilian tires. This is due to the fact that a 
tactical vehicle is designed for off-the-road operation. Failure of the tires 
on a military vehicle can mean the failure of an entire operation ov mission. 
Under combat conditions, the loss of a vehicle due to tire failure can be 
especially serious. There is no way to prevent tire wear. As long as the 
vehicle is in use, the tread will wear from the tires, but it is possible to 
extend tire life wxth'proper care and timely repair. As an example, a flat 
tire may be only slightly damaged when it first goes flat, but continued opera- ' 
tion of the vehicle on the flat can completely destroy the tire. 

b. A wheeled vehicle mechanic assigned to an organizational -type 
maintenance unit will have to spend some of his time making tire repairs. 
The vehicle operator is only required to perform daily inspection and re- 
move damaged tires from the vehicle. It is the organizational mechanic that 
repairs damaged tires. Also, uhe mechanic must inspect tires to determine 
if repairs are needed at higher levels 6i maintenance. 

2. WHEEL REMOVAL TOOLS. In order to inspect, maintain, and repair 
vehicle tires,. the mechanic should first become familiar with the tools for 
doing the job. Since ybu may be required to supervise or instruct the 
operator-in tire removal, it is also necessary to be familiar with the tools 
issued with various vehicles. , 

a. Among the tools issued with, and stored on, the vehicle are those 
needed by the operator to remove the wheels. These normally consist of a 
jack with a handle and a wheel lug nut wrench. 




Materials Required 



Suggestions 



(1) Smaller vehicles may have a screw-type jack and a sing 
piece wheel nut wrench. 



instfe- 1 




oro mm 



# 



(2) Most larger vehicles use 
a hydraulic jack and a heavy two-piece rrrTT 
wheel nut wrench. The two pieces 
consist of a long, round handle and the 
wrench section. At the larger end of 
the wrench is a six-point socket that 
will fit the outer wheel hut on a set of 
dual wheels. The smaller end of the 
wrench has a square socket to fit the 
inner wheel lug nuts* 

b. In addition to the tools on the vehicle, the organizational mechanic 
has additional tools available at his unit motor pool. Organizational -typ^ 
units are normally supplied with either tffe No 1 or No 2 common organiza- ' 



tional automotive maintenance toolkit, 
similar in each set. 



The tools for tire repair are very 



(1) To speed up and ease 
the removal of the wheels from the 
vehicle, the toolroom may also have 
a geared socket wheel stud nut wrench 
or a hand impact wrench set. 
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(2) A 12-ton hydraulic 
jack is included in each organizational 
toolkit. 
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3 # TIRE REMOVAL TOOLS AND EQUIPMENT. The largest single piece 
of equipment available to the organizational mechanic for tire removal is 
the pneumatic tire demounter. It consists of a large cone-shaped metal 
base that supports a cross frame containing four sliding arms. The upper 
section is mounted upon a screw shaft that permits the upper portion to be 
drawn downward with great force. A 90° handle used to turn the large * 
screw shaft.. The demounter is capable of handling wheels containing tires 
from size 9- 00X16 through 14. 00X20. 
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a # Some motor pools that have a large number of administrative 
vehicles may be equipped with a commercial -type tire demounter for small 
tires. These demounters are the same as those found in most automotive 
repair garages and service stations. Each consists of a stand to securely 
hold the wheel while special-purpose tools designed to work with the de- 
mounter are used to remove or install the tire on the wheel. 




C— HORIZONTAL MOUNTING 

A -TIRE D£MOUNTtR IN USt 
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In the tactical units, five types of tire irons are available, in addi- 
tion to the demounter. Each of the tire irons are of a different size and 
shape, which allows some irons to do certain jobs better than others. 
Some of the irons may be good for the removal of lockrings, and others to 
ease the tire from the* wheel. 





4. TIRE INSPECTION AND REPAIR EQUIPMENT. To aid in the inspection 
of tires on military vehicles, the mechanic may have available a steel tape 
measure and the tire tread depth 
gage* The tape is found in the No 2 



common set, and the tread gage is 
found in both the No 1 and No 2 com- 
mon tool set. The steel tape is 3/8th 
cf an inch wide and 20 feet long. It 
is housed in a case with a hinged- 
type rewind handle mounted in the 
side. A clip on the tire tread depth 
gage aids in preventing the loss of 
the tool when it is carried in the 
pocket. The tread gage is marked 
off in l/32d of an inch, with a maxi- 
mum depth of 1 inch. A 3 -inch metal tread contact plate is mounted at right 
angle on the tube-shaped main body of the gage. 
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a, A tubelcss tire repair kit is 
pool shops on an as-required basis.-, 
vehicles equipped with tubeless tires, 
through normal supply channels* 



206 

available in the organizational motor 
This means that if your unit has 
the kit may be- requisitioned (ordered) 
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(1) For use in the repair of tire tubes, a hot patch vulcanizer is 
included in organizational tool sets. The way the vulcanizer is made may 
vary from manufacturer to manufacturer, with some models having hanged 
upper portions that are held in the working position by a lock screw. Each 
vulcanizer set includes a clamp that is hand-tightened by means of a long 
screw and handle. A heavy metal plate forms the base of the clamp. A 
roughing tool is usually attached to the assembly with a chain. In most 
motor pools the vulcanizer is permanently mounted to a bench by means of 
bolts or screws. This solidly mounts the tool for repairing tire tubes. 



WOOCLN BLOCK 



SMALL RUBBER 
PAD 




FLAT PLATE FOP 
TUSf REPAIR 



A— EUCTKK-TYH VULCANIZU— 4f*V.Stt 





VULCANIZER, VALVE 
AND TUBE 



•-fUkX-TYW VUI.CANUIA— 
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(2) There are also tools 
provided in the organisational sets 
for repairing tire valves and valve 
stems. The valve stem repair tool 
is, in reality, a combination of tools* 
It includes taps, dies, and wrenches 
that fit standard tire valves. 



7J0 





(3) A valve folding tool, 
which is also available, consists 
of a long steel plate with a small 
offset containing a tapped or threaded 
hole, This tool is designed for use 
with the long metal-type valve stems 
used on large trucks, 



;».. •iff. 



b. The fishing tool, which is 
also available, consists of a valve 
\ cap and handle connected together 
*\by a short chain and is used to pull 
the valve through its hole in the rim* 
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J^Jc* A number of items used 
for inflating (pumping up) tires 
are available in organizational 
maintenance sets. Each set, 
for example, includes a gasoline 
engine powered air compressor. 
Organizational toolkit No 1 has a 
5-cubic feet per minute (CFM) 
compressor, while organizational 
toolkit No 2 includes a 15- CFM 
compressor. 





(1) Each kit includes 
lengths of airhose, a chuck, and 
a gage. The hoses are generally 
in 25-foot lengths. Kit No 1 in- 
cludes three lengths, whereas kit 
No 2 includes five lengths of hose. 
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(2) These hoses can be Connected to each other by threading the 
ends together or by & quick-couple connector method. With this method 
each hose includes a male quick-couple half and a female quick-couple half. 
The female half seals itself when the hoses are separated. 4 




(3) The outer end of the hose has a device known as an infiator- 
gage assembly. It includes a trigger-operated valve, a gage to indicate 
how much pressure is in the tire, and a double-faced chuck. The chuck is 
known as a dual foot chuck and can be used for single- oy dual-type wheels. 
To ! use the inflator-gage, the chuck is held against the end of the valve stem 
firmly. The gage will then indicate how much pressure is in the tire, .It is 
graduated from 10 to 120 PSI (pounds per square inch). To inflate the tire, 
pull the trigger to the rear and air will be forced into the tire. Release the 
trigger and the gage can again be read. 
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SECTION II. IDENTIFICATION AND INSPECTION OF ' 
TIRES AND WHEELS 

5. IDENTIFICATION OF TIRES. Vehicles within the unit will, from time 
to time, enter the shop for scheduled or unscheduled maintenance. During 
these maintenance periods the mechanic should inspect the vehicle tires for 
serviceability. In other instances the vehicle operators may call upon unit 
repairmen for assistance with inspections. Let's take a look at some of 
the types of tires you may find. 

a. «~Just as the type and size. of tires vary on civilian vehicles, so do 
the tires used on military vehicles. Commerical-type vehicles in the mili- 
tary service normally use the same type of tires as most civilian vehicles. 
These tires have a regular tread that gives maximum mileage and quiet 
operation. The regular tread is designed for use by sedans, trucks, and 
buses on hard-surface roads. On many military posts, administrative 
motor pools may install cdmraerciai-type snow tires on commercial 
vehicles during the winter months. This type of tire has a special tread 
for use- on the driving wheels to provide greater traction in snow or mud. 




MW ANO SNOW Ttttfi 



«*ytMT«Mp 



(1) Since a tactical vehicle may be required to operate off the 
road at any time, and all wheels are able to drive, the nondirectional mud 
and snow tires are mounted on the vehicle for all seasons of the year. 
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(2) Road construction equipment and materials handling equipment 
often are equipped with tires that have special -purpose treads. Tractors 
will often have a rib-type tread on the front tires and a traction tread on 
the rear. The traction tread is of the directional type* This means the 
lugs of the tread are on the tire at an angle so that mud that collects in the 
grooves will tend to be forced off to the side as the wheel drives. For the 
directional tire to operate correctly, the tire must be mounted so that the 
point of the V-shaped tread drives into the road surface. If the tire is not 
mounted this way, the self-cleaning action islost* The tires used on earth- 
moving equipment are often very large, with a diameter of 6 feet or more. 
Different types of tread designs for regular, rock, or mud and snow opera- 
tions may be found on earth movers. 



7? 
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b. To assure that the correct size tire is on the vehicle, the 
mechanic can compare the size markings on the side of the tire with those 
listed in the proper technical manual. 

(1) The tire size is molded on the sidewall of each tire at the time 
of manufacture. The first number of the size is the width of the tire, in 
inches, when properly inflated upon the wh6el and without a load. The 
second number is the inside diameter of the bead of the tire. For example, a 
an 8.*25-20 marking means the ' 
tire is approximately 8-1/4 
inches wide when inflated and 
mounts upon a wheel with a 
20 -inch diameter rim.' Other 
markings on the side of the 
tire that are of interest to the 
mechanic are the number of 
plies, the ,balanfce point, and 
"type" markings. The ply ' ^ 
number indicates the number 
of layers of rayon or nylon 
cord plies used in the construc- 
tion of the tire. The greater 

the number of plies, the greater the strength of the tire. A sedan tire will 
normally have a tire with two to four plies, while a heavy truck may have a 

• tire with eight or more plies. While additional plies can make the tire 
stronger, they also tend to make it more rigid. This can be a factor in 
sedan tires where it is desirable to have the tires flex easily for greater 

* riding comfort. Tired of the same size will not necessarily have the same 
type or number of plies. 

V 



(2) The small red dot on 
the sidewall of the tire near the 
-tfead indicates the balance point. 
The valve of the tire is placed at 
the balance mark when the tire is 
installed on the wheel to obtain the 
best wheel balance. Notice the 
balance point indicated by an arrow 
in the accompanying figure. 
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6. INSPECTION OF TIFJES, When in use, the^tircs of a vehicle are 
constantly in danger of being damaged. The tires may run over any number 
of sharp objects or strike large obstructions such as curbs or rocks. When 
the tires are being inspected during- any type of service, the mechanic 
should be alert for all types of cuts, punctures, and bruises. When inspect* 
ing cuts, remove the tire for repair if the cut extends to or through any of 
the fabric of the plies. When there are small cuts in the tread which do not 
reach the fabric, the tire need not be removed for repair. A bulge or un- 
usual lump on any part of the tire indicates internal damage to the plies, 
and the tire should be removed for repair or replacement. The driver will 
normally remove sharp objects which have entered the rubber of the tire. 

a. On trucks equipped with dual tires ih the rear, a visual check 
should be made to insure. that no large rocks are lodged between the tires. 
Inaddition to possible damage to the tires, these rocks can be'thrown for 
great distances by the fast-turning wheels. Drivers are sometimes guilty 
of driving a truck equipped with dual rear wheels when one of the tires is 
flat. With two tires mounted together, a good tire supports a flat tire 
during operation. However, the good tire is overloaded and is likely to 
blow out, or the flat tire can slip on th'e rim and destroy the tube or cause 
further damage to the tire. 

b. A mechanic will normally check dual tires by striking both tires 
with his foot or some object that will not bruise the tire. The flat tire 
mounted on one of the dual wheels cap be found by the lack of resistance 
or bounce from the blow.- This method is not useful in determining if a 
tire has low air pressure, but it will determine one that is completely flat. 

c Excess heat will cause damage to the tires. If a tire flexes too 
much due to low air pressure, too much heat is generated and the rubber 
may separate from the fabric. 

d. One of the more difJicult decisiohs in tire inspection is "when to 
remove the tire for recapping. 11 Care must be exercised not to permit the 
tire to remain on the vehicle too long or all of the rubber will be worn from 
the tire and the fabric will be exposed v When worn to the fabric, it is not 
practical to repair the tire or apply a new .tread. If the tire is removed 
too soon»^rubber will be wasted since all of the possible wear has not been 
used. 
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(1) On the nondirectional mud and snow tires used on tactical 
vehicles, the tires should be removed for recapping when the center of the 
tread is worn smooth. At this time the ridges formed by the grooves of 
the tread are worn off at the tire center. 



REMOVE FOR RETREADING WHEN WORN TC THESE POINTS 
CENTER RIB ' 




A— CROSS SECTION OE TIRE, SHOWING WHEN TO RECAP 



4 



At 



j .Tl H WQKN EVENLY 




I READY FOR RECAPPING C-TOO SOON FOR RECAPPING 





TIRC WORN UNf VENLY 
0-RCAOY FOR RICAPPING E-TOO SOON fOR RECAPPING 
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(2) On commercial-type treads, the tread gage issued with the 
organizational tool sets may be used to check depth. Normally, the tread 
should not be less than 1/ 16th of an inch. 




e. Some of the causes of rapid tire wear are misalined wheels, 
excessive speed, improper loading, grabbing brakes, and improper 
vehicle operation. A tire will normally wear with a smooth surface, 
but when forced to slide or drag on the r6ad the surface becomes rough 
and scuffed. Operating a vehicle in front-wheel drive when it is not 
required can also increase tire wear. During the winter months when tire 
chains are in use, improper installation or use of chains can chew pieces 
^out of the tires. When installed on the wheel, sharp edges of tire chains 
should face away from the tire. 
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f. If the tire has been operated too long while not wearing eveniy, it 
may be damaged beyond repair. Once the wear has extended into the fabric 
of the plies, it is unlikely the tire can be repaired. Uneven wear can be 
caused by improper air pressure, incorrect steering adjustments, faulty 
crakes, bad shock absorbers, loose wheel bearings, and poor driving by 
the operators. Front tires on a vehicle with too much toe-in will wear the 
outer edges at a fast rate. 




A— CUT INTO FA*R!C 




C— lUtCI INDICATING 
INTERNAL INJURY 



I— MINOR CUT — NOT 
INTO t AIRIC 




0 — START Of IRREGULAC 
WEAR— TIME TO 
ROTATE TIRI POSITIONS 



A 




l — IRREGULAR WEAR- 
TIME TO ROTATE 
TIRE fOSfTtONS 




f— TIM WOUN fY 
IMPROFIft "TOI.IN" 
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(1) If the front tires toe-out when the vehicle is traveling straight 
ahead, the tires will wear rapidly on the inner edges. Improper toe-in or 
toe-out forces the tires to slide or drag sideways as they roll over the road 
surface. A sharp featheredge is left on the edges of the. tire treads due to 
the sliding motion. 
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(2) Too much free play in the steering linkages, loose wheel 
mountings, or loose wheel bearings can also cause uneven wear on the 
front tires. Brakeshoes that grab on any of the wheels of a vehicle will 
cause the tire to slide and wear unevenly. Any hard-driving practices by 
the operator, such as moving through turns too fast and stopping and start- 
ing too quickly, will cause uneven wear on the tires. It is the responsibility 
of the vehicle operator to insure that the tires have the correct tire pressure. 
If the driver fails in this job, the tires can wear unevenly or fail too early. 
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(3) When a tire is operated with too little air pressure, the center 
of the tire will buckle inward and the outer edges will carry the load Thi - 
causes the outer edges to wear very fast. Also, a tire without enough air " 
pressure will flex more than it should and generate too much heat. If 
operated with too much tire pressure, the vehicle will ride on the crown or 
center of the over-expanded tire and, thus, wear the center of the tread too 
fast. 




A— COIfttCT AIR MtSSURC 
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g. The driver and the mechanic should make every effort tc keep all 
of the tires on a vehicle wearing at an even rate. One of the checks a 
mechanic will make is to measure the circumference or distance around 
the outside of the tires* This is done with a tape measure found in the 
organisational tool set No 2. The allowable tolerances for matching dual 
tires is determined in accordance with the outside diameter. Differences 
in the sizes of tires can cause increased wear on the tires and drive train 
and make steeri: i and braking difficult. Tires of different size on either 
side of the front of the vehicle can affect the steering and braking functions. 
On any of the driving axles, unequal size tires on opposite sides of the 
vehicle will force the differential to work more than necessary. When two 
unequal size tires are mounted side by side on rear dual wheels, the tire 
with the most tread or larger diameter will be forced to carry more of the 
load. With one tire carrying the load of two, the working tire is much more 
likely to faiL On vehicles that have more than one driving axle, each axle 
will be driven at exactly the same speed. If the tires on the different axles 
have different diameters, some of the tires will be forced to slip to keep 
the wheel speeds matched. This is due to the larger tire covering more 
ground during each revolution. 




TAPE 



— MEASURING CIRCUMFERENCE OF TIRE 



TermtMiblf djlTcrctio 
Out rid* dtsmtttr of tir« ' . 





In diam#tcr 


In ■eirmmt+r+nr* 




L'nder .10 inches 


* 4 inch 


i % inch 


From 30 to 40 inches 


inrh 


1 inches 


Over 10 inches 


1 ; men 


1 1 .» inches 




6-21 






235 





h. Often the vehicle driver will be careless of the valve caps 
because they are not absolutely necessary to keep the vehicle running 
The mechanic should check to see .if the caps are present each time the 
tires are inspected, because they can prevent failure of the tires due to 
leaking valves. When the caps are not present, mud, dirt, or other 
foreign matter can enter the tire valve openings. This can prevent proper 
closing of the valve and allow dirt and moisture to be forced into the tire 
tube as it is inflated with air. Mos>. valve caps contain a seal or gasket 
that provides a safeguard against a leaky valve. In order to function 
properly and to prevent small air leaks, the valve caps must be snug when 
installed. 
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i # As the tire and tube are assembled, the mechanic roust take care 
that the tire valve is properly installed. When inspecting a vehicle with 
dual rear wheels, note the position of the valves. To be correct, the two 
valves should be 1§0° apart or, to put it another way, one valve must be 
directly opposite -tlie other. This aids in the location of the valve stems 
under all conditions. The valves of the inner wheel will face the outside 
of the vehicle. If not installed this way on the inner tire of the rear dual 
wheels, it will be very difficult to check air pressure or to inflate the tires. 




VALVES COXftfCTLY POSITION ID ON DUAL TIKIS 



j. % The lug nuts that retain the wheels may work loose during the 
operation of the vehicle. While inspecting, the mechanic should check all 
lug nuts by trying to tighten them with a wrench. When loose lug nuts are 
found, the nuts should be tightened to the specifications listed in the proper 
technical manual. 

k. Loose front-wheel bearings, which c^n cause excess tire wear, 
can be located by jacking the vehicle up and rocking the wheels back and 
forth. The free play can be felt at the wheel. This check may also reveal 
free play in kingpins, steering knuckles, or control arms. The mechanic 
should first determine exactly where the free play is located. If loose 
wheel bearings are found, they should be adjusted in accordance with the 
proper vehicle technical manual. If any other looseness is found, refer to 
the maintenance allocation chart (MAC) to determine who is responsible 
for the repair. 
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I. Cracks in the outside rubber of the tire should be carefully 
inspected. These cracks usually spread out from the center of the tire 
and may extend all the way around the sidewall of the tire. The cracks 
are-caused by the cord plies below the rubber becoming weak and spreading 
apart. This forces the rubber to crack open. Failure of the fabric of the 
tire is usually due to age and/or dry rot. As the cracks open in the rubber, 
water will enter and the complete failure of the fabric is speeded up/ Once 
the fabric oi the tire becomes weak, there is danger of a blowout any time 
a load is applied. When it is felt there is danger, of a failure due to dry rot, 
the tire should be replaced. In those cases" where there is doubt as to the 
serviceability of a tire, the mechanic should seek help from the maintenance 
supervisor. 



m. 



If the tire was carefully inspected prior to removal from the wheel, 
only those areas that could not be seen while mounted nee d to be inspected. 
If no inspection has been made, make all of the checks Usted for a- mounted 
tire. In addition, check the inside surfaces and beads. Check the bead for 
damage. This type of damage often occurs during installation and removal 
of the tire from the wheel. It is particularly important to check the dutside 
of the bead on the tubeless tires since this area acts as a seal to retain the 
air. Check the inner surface of the tire for cuts, punctures, and bulges. 
If the cord plies have been pulled loose from ihe normally smooth inner 
surface, it is an indication the tire has been operated on the vehicle while 



7. INSPECTION OF WHEELS. Inspect the wheel for cracks, dents, and 
oversize mounting holes. When a vehicle is operated with the wheel mount- 
ing nuts loose, the wheel will move against the studs and enlarge the mount- 
ing holes. If allowed to continue, the holes for mounting the wheel will 
become so enlarged that it will be impossible to tighten the wheel properly. 
Cracks may develop in any part of the wheel, but the area around the mount- 
ing holes will usually be the first place they appear. Large dents are 
usually the result of an accident, such as a wheel striking a log, a curb, 
or another vehicle. A warped wheel is difficult to detect when off of the 
vehicle. It is often possible to detect a wheel that is warped while the 
vehicle is moving due to a noticeable weaving in and out. If the vehicle is 
in the shop, the mechanic can raise the wheel off of the floor and rotate the 
assembly. By looking at the tire from the front as it spins, or comparing 
it with a stationary-object, a warped wheel can be detected. If the damage 
is enough to make the wheel unserviceable or unsafe, it should be replaced 
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8. ROTATION OF TIRES. Preventive tire maintenance consists mainly 
of jobs that are performed regularly to make certain that the tires are kept 
in operating condition. The most important feature of maintenance is the 
regular inspection by the operator and mechanic to detect any trouble before 
the complete failure occurs. When 
the cause of tire wear or damage is 
due to improper mounting or aline- 
ment, the mechanic can correct the 
mechanical faults or direct the 
vehicle to higher maintenance for 
repair. During normal operation 
the front tires of a vehicle will 
normally wear at a slightly faster 
rate than the rear tirfes,' The spare 
tire may be out of use for a long 
period and, therefore, will not have 
the wear of the tires which ar£ 
mounted for operation on the road. 
To obtain equal wear on all of the 
tires on a vehicle, an inspection is 
performed every 2, 000 miles to 
determine if the tires and wheels 
are in need of rotation. If not 
rotated earlier, the tires of all 
wheeled vehicles will be rotated 
after 6, 000 miles of operation. 
The pattern for the rotation will 
vary, depending on each type of 
vehicle and also on the specific 
vehicle. You can see an example 
of the tire rotating sequence for the 
l/'4-ton truck M151 in the accom- 
panying illustration. The technical 

manual for each vehicle should include rotation procedures for that specific 
vehicle. Follow that procedure for that vehicle. You must also take into 
consideration the size of the tires, being rotated. For example, the tires 
on each axle must be as near the same size as possible. If the tires, once 
rotated, end up with a good tire from the spare on one rear wheel and an 
excessively worn tire on the other rear wheel, the differential will wear 
excessively. The worn tire should then be replaced with a tiic matching 
the gond tire in size. Rotation of tires is done to keep ail tires wearing 
about the same. If one tire becomes worn excessively, the wheel aline- 
ment, wheel bearings, and brakes on that wheel should be checked out. 
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section in. 



REMOVAL AND INSTALLATION OF WHEELS, 
TIRES, AND TUBES 



9. GENERAL. There are various methods used to remove and install the 
tires on wheeled vehicles. These methods vary, depending on the type of 
rim or wheel and the tire. Let's find out how the tires are removed, start- 
ing with the smaller vehicle. 

10. PASSENGER CARS AND SMALL 
TRUCKS. Drop-center and safety- 
rim type wheels are used on the 1/4- 
ton tactical vehicle, commercial 
sedans, and small commercial trucks 
in the military service. You may 
already be familiar with the drop- 
center wheel, since it is the type 
used on many civilian cars. 





UttTY 
TYH 



a. The wheel is of one-piece construction and the center well is the 
feature that permits the removal of the tire without the disassembly of the 
wheel. When the tire is inflated, the beads are forced against the rims 
and the tire is locked into position on the wheel by the pressure of the air. 
The tire may be removed from the wheel only after removing the air. The 
driver will normally remove the wheel and tire from the vehicle; however, 
the mechanic must also be able to perform the task. The paragraphs below 
describe the steps for doing this job on the 1/4-ton truck. Make sure you 
study all of the steps. . These steps are typical of most small vehicles. 



MM 
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(1) First, set the parking 
brake and then block (chock) the 
opposite wheel for extra safety pre- 
cautions. Then loosen the wheel 
nuts, but DO NOT REMOVE THEM. 
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(2) Next, put the jack 
under the lower suspension arm 
so that the upper end fits in the 
recess in the suspension arm. 
Then jack the whael off the 
ground. 





(3) Nov/ remove the wheel 
nuts. If necessary, have someone 
apply the service brakes if the 
wheel nuts are still too tight. Next, 
remove the wheel and tire from the 
hub and brakedrum. 



(4) Next, remove the spare 
from its stowed position and place it 
on the hub and drum. Install the 
wheel nuts and turn them snugly 
against the wheel. Lower the jack 
until the tire and wheel are support- 
ing some of the weight of the vehicle. 
Finish tightening the wheel nuts. 
Then finish lowering the jack com- 
pletely and stow it in the proper 
place on the vehicle. If the tire is 




unserviceable it must be removed 
from the wheel. 
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b. The following procedures are used for removing the tire from the 
wheel. Make sure all of the air is released from the tire before starting 
to remove it. 



(1) First, loosen the beads fronj both sides of the wheel rim by 
stepping on the sidewall of the tire near the wheel rim. If the tire has been 
on the wheel for a long period of time, it may be difficult to break the bead 
away from the wheel. Jn these cases, 
place the wheel under some object 
such as the vehicle bumper. Place 
the bottom plate of the jack on the tire 
sidewall' near the wheel rim and the 
top under the bumper. As the jack is 
raised the weight of the vehicle will 
force downward on the tire and move 

the bead away from the wheel rim. 

Tools such as chisels and large 
hammers should not be used to break 
loose the bead, A careless blow with 
a sledge hammer can bruise and damage tne sidewall of a tire. Driving 
upon the, tire sidewall with another vehicle may break down the fabric areas 
^of*the tire and cause complete tire failure* 




LOOSENING ICAO 
FROM KIM FUNGI 
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(2) Force both of the tire side- 
walls together on each side of the wheel. 
This allows the beads at this point to 
enter the well in the center of the wheel, 
Once this is done the tire can be shifted 
to one s\de on the wheel and enough free 
play will be available to remove the tire 
from the wheel. 



PRINCIPLE OF 
DftOFXENTtft 
KIM 
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(3) Carefully slide a tire 
iron between the wheel rim 'and tire 
bead opposite the point where the 
beads are shifted into the wheel well. 
Forte the handle cf the tire iron in* 
ward and downward toward the center 
of the wheel* Be careful that you do 
not pinch the tube (if so equipped) 
with the tire iron. This draws the 
bead of the tire over the edge of the 
wheel rim. It may be necessary to 
use two tire irons to work the bead 
over the edge of the rim a few inches 
at a time. When the halfway point is 
parsed, the bead can be lifted off of 
the; wheel with ease. If a tube is 
uie37 remove it from the tir^aFtEs 
time. 




urn** oontot top ovtK ami 



(4) To complete the removal of the second bead, stand the tire on 
the tread. Force the wheel downward to gain as much free play as possible, 
as the bottom of the bead moves into the wheel well. At the top of the wheel, 
insert a tire iron between the inside bead and the rim and force the wheel 
out of the tire. Use additional tire irons, if necessary, to aid in tire re- 
moval. 
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C7V ^ 1 c. Install a tire on the drop-center type rim using the following 
procedures: 



(1) While holding the tire upright, 
force the wheel into the opening in the ^ ' * -\ ^ 

center of the tire. If the tire is of the tube ^ ^ f ?^'^ > 

type, the side of the wheel containing the J. mf \* <£ 

valve hole should be forced into the tire t . * r 

first. Force downward On the wheel until V 
the bead at the bottom of the tire moves 
into the wheel center well. 



1 \ 



(2) Using tire irons, as necessary, 
work the remaining portion of the inside bead 
onto the wheel rim. Installation will be 
easier if a soap solution or approved lire 
lubricant is used on the beads of the tire. 
This lubricates the tire and rim and, there- 
fore, aids in sliding the tire into the proper 
position* Qare must be taken not to use any 
lubricant that is made from petroleum, as 
this will damage the rubber of the tire. 

(3) If a tube is* required, place the wheel and tire on a flat surface, 
with the valve hole in the wheel facing up, and install the deflated tube. On 
some large tires it may be necessary to fold the tube to insert it into the 
tire. Ones inside the tire, the tube is unfolded and moved into the proper 
position. Inflating the tube with a small amount of air at this time will aid 
in preventing pinching of the tube during further installation. Care must be 
exercised. not to use too much air or it will not be possible to force the out- 
side bead into position. 




LIFTING INStDt 
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(4) Aline and install the valve 
stem of the tube into the hole provided 
in the wheel* A fishing tool may be 
threaded to the end of the, valve stem 
at this point. The tool prevents the 
valve from drawing back into the tire 
and becoming lost as the outside bead 
is forced into position. If the tire is 
of the tubeless type, only a valve need 
be installed at this time. The tubeless 
.tire valve is a separate item that mounts 
in a hole in the wheel. 

(5) A special valve tool (4910-305-0350) is used to install or re- 
move the tubeless valve. The tool consists of a metal head that is threaded 
to match the outside threads of the valve, and a wooden handle. The valve 
is installed from inside the wheel. Lubricate the valve with a soap solution, 
insert it in the hole in the wheel, and attach the valve tool. Draw the vplve 
into position in the wheel by pulling away from the wheel on the tool handle 
and at the same time rotating the handle in small circles. To remove an 
unserviceable valve, first, cut the inside of the valve stem off with a knife; 
then thread the valve tool on the valve stem and pull outward on the tool 
handle to pull the valve from the wheel. 
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After the tube or valve has 
been installed, the outside bead of the 
tire is forced into position,* ,On Jhe side 
opposite the valve, fqrce as much of the 
outside bead as possible %v e r the wheel 
rim with the hand o* footf^ Hold this 
portion of the tire in the^ep well with 
the foot as the remaindered the bead is 
worked into position ;*dth tire irons. 




WW* 



PLACING OUTSI0E 
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d. Now that the tire is on the wheel, you should prepare to inflate or 
pump up, the tire. If the tire is a tube-type tire, the Lk is qu^e easy 
-Let's see how it's done. ' 

(1) Lay the tire and wheel down (with the valve side up) on a hard 

rocks'/ " "? 10036 r ° CkS ^ This will prevent 

rocks and grass from being caught between the wheel and tire bead when 

2 e tube e t l vl P T Peti , UP -- K l 6P ValVe fi3hing tOQl co ^"ted to the valve 
of tube-type tires dunng this. entire' operation. 

» u / 2) m 6 ?' centerthe wheel ^ the tire. This can be done b v sliding 

wheel T^n H\t " V*' " P ^ ^ should « -the 

I m ? P 6 ValVe ° Ut thrOUgh the hole in ^eel as far as 
possxble and remove the fishing tool. Hold the valve tightly with your 
fingers and apply axr to the valve. It is best to pump the tire up and release 
the axr temporarily. This allows the tube to st/aighten out in the tire 
Then pump the fare up to the specified amount and install the valve cap. 

A tah d.« " °u tUb6le ' SS type ' y ° U run into ano *er problem. 

L h.t , M Cam10 / u' 6 PUmp6d UP UlUeSS the beads are at ^ast started on 
ltd ti sh ° ulde " of the wheel. Sometimes, by first lubricating the wheel 

hand n a «° aP S u 1Uti ° n ' ^ PUSWthe beads onto shoulders by- 
hand. On new fares however, this is generally not possible. A constrictor 
bead expander can be used, however, to solve this problem. You unit 
£o tW a COnStriCt ° r b6ad 6Xpander for Parpo-e. It will be one of 
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(1) One type has a metal strap that is connected to a metal screw. 
The screw is turned to pull the ends of the metal strap closer together. 




(2) The other type' is made up of a web-type strap. A ratchet on 
one end of the strap is used to pull the ends of the strap together. The web- 
type strap constrictor bead expander can be used on a large range of tire 
sizes, whereas the steel-band type is limited to a small range of tire sizes. 
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(3) To use the stecl-band type constrictor bead expander, you 
should first ^urn the screw (handcrank) counterclockwise until the 'ends of 
the steel band ax a spread as far apart as .possible. Then slide the con- 
strictor bead expander over the tire until it is in the center of the tread. 
If the tool is too small to fit over the tire, the ends of the strap can be 
moved in the end brackets. This can be done by using a different set of 
holes farther from the center. When the tool is positioned properly, you 
should be able to tighten the band against the tire with only a few turns 

(2 or 3) of the screw in a clockwise direction. If you have to turn the screw 
a long ways to contact the tire, you will not have enough threads left to 
squeeze the tire in and push the beads out. In this case, the ends of the 
strap should be moved into holes that are closer to the center. 

(4) Once the tool is in place, turn the crank until the beads move 
out onto. the bead shoulders of the wheel. It is not necessary to push the 
beads all the way on to the shoulders, just enough to stop any air that could 
leak by. Then apply air to the valve ONLY until the beads start to move on 
the shoulders. Then loosen and remove the constrictor bead expander. 
NEVER continue to pump the tire up with the tool still tight. The tire pres- 
sure can break the tool and injure you or someone else. If this does not 
happen, the tightener screw will be too tight to turn with the tire pumped up. 
Once the tool is removed, continue to force the beads onto the shoulders by 
increasing the air pressure. The beads will "pop *' in place before the 
specified tire pressure is reached. - 

(5) The web-type constrictor bead expander differs only in the 
way it is tightened. Adjust it s6 f hat it fits the tire tread by sliding the 
web-type strap through the ratchet device. Then move the ratchet handle 
back and forth until the beads are started on the shoulders. Apply enough 
air to hold the beads onto the shoulders. Then move the ratchet handle in 
the tighten direction just enough to release the ratchet pawl. Push the pawl 
in and allow the ratchet to come back one notch at a time. Continue this 
same procedure until the strap is loose on the tire and the constrictor bead 
expander can be removed. Then continue pumping the tire up to the speci- 
fied pressure. 
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U When removing tubeless tires from wheels, it is important not to 
damage the bead area* This area must be without nicks or cuts so that it 
will seal against the ^heel rim flange. This seal must be airtight, as there 
is no inner tube to hold the air. Your unit may have equipment to break the 
bead away from the flange and off the shoulders with no damage to the bead. 
This method works as well with tube-type tires as it does with tubeless tires. 
Yon can see an example of this piece of equipment in the accompanying 
illustration. This equipment pushes both beads away from the flange with 
either a push or a pull on the handle. Let's see how it is used. 




(1) Position the wheel and tire on the equipment as shown in the 
illustration in the above paragraph. Then position th«r upper and lower bead 
breakers against the tire and as close to the rim as possible. Make sure 
all of the air is released from the tire. 

(2) Raise up on the handle to break the lower bead loose. Push 
down on the handle to break the upper bead-loose. It may be necessary to 
move the bead breakers to two different positions on the tire to push the 
head completely off the shoulders. This piece of equipment is a big help 
when a tire is stuck on the wheel bead shoulder. 
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11. EARGE TRUCKS. Wheel rims used on large trucks have a demountable 
side rim or retaining ring. The sidewalls of truck tires are very stiff and 
there is very little drop in the center of the wheel rim. Therefore, one 
side of the rim must be removable in order to get the tire on or off the 
wheel rim. On some wheel rims the retaining ring is bolted on, but most 
rims have a split-type retaining ring. Most Army trucks use an offset disk- 
type wheel that is permanently fastened to the rim instead of the spoke-type 
wheel with a removable rim. 
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a. On many trucks with dual 
wheels, two types of nuts are used 
to hold the wheels on the hubs. The 
outer dual wheel is held on by a hex 
nut, while the inner wheel is secured 
by a special stud with both inner and 
outer threads. The hex nut screws 
on the special stud. When removing 
the wheels, the hex nuts and outer 
wheel must be removed first, then 
the special studs and inner wheel can 
be removed. Once the wheel is re- 
moved from the truck the tire can be 
removed from the wheel. 



b. Now let's take a look at how you would go about removing a tire 
from a wheel that has a split retaining ring. 




(1) Use a valve stem repair 
tool or a valve cap with a slotted top 
to unscrew the core from the valve 
stem. When all the air has escaped, 
screw the cap back on the valve stem 
to protect the stem threads and to 
keep dirt out of the tube. 
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(2) The beads of the tire must be- forced away from the wheel rim. 
Since the rim bead seats ard slightly tapered so the beads slide on with a 
squeeze fit, it may take conside*able>force to loosen the beads. If there is 
a pneumatic tire demounter available, use it for this job. The upper assem- 
bly of the demounter is lifted o£f the base. The tire and wheel assembly is 
then placed on the demounter with the demounter cone through the wheel to 
center the wheel. The upper assembly is placed back on the demounter base 
over the wheel so that its fingers contact the tire sidewall close to the outer 
edge of the rim* As the handle of the screw shaft is turned clockwise, the 
fingers of the demounter are forced down against the tire, forcing the bead 
away from the rim. Once the bead is loose on one side, the wheel can be 
turned over and the opposite side loosened in the same manner. 

(3) If a pneumatic tire demounter is 
not available, you can use a goose-neck tire 
tool to loosen the beads. To do this, lay the 
wheel and tire on the floor. Drive the goose- 
neck tire tool between the tire bead and the 
rim. Work all the way around the bead in 
this fasL on until ift is loosened in the same 
manner. 





(4) Once the beads have been 
loosened by either method, lay the wheel so 
the retaining ring is up and pry the head 
down away from the ring. You can do this 
by placing the goose-neck tire tool between 
the bead and the ring and prying sideways. 
Kiake sure the bead is down far enough, all 
the way around the rim, so it will not inter- 
fere with the removal of the retaining ring. 



(5) To remove the retaining ring, 
insert the straight end of a tire tool into 
the pry notch next to the split in the ring. 
Then, using the wheel as a fulcrum, pry 
the retaining ring up out of the rim gutter. 
While pulling up on the free end of the 
retaining ring, work around the retaining 
ring with the tire iron, prying it from the 
rim. 




252 



6-38 



(6) Turn the wheel over to that the re- 
taining ring tide is down. Place a block of wood 
under the center of the wheel so that the block 
supports the entire weight of the wheel and tire. 
The block should be 8 to 10 inches high and 
smaller ttian the wheel so the ti*e can drop down 
off the wheel. Usually, if two men lift the tire 
and wheel assembly and drop it so the wheel 
strikes squarely on the block, the tire will drop 
from the wheel. If hammers or bars are needed to Hrive the tire off, use 
extreme care to prevent bruising or cutting the tire. 

(7) If a tire flap is used in* the tire opening between the beads to 
protect the tube of the wheel rim, remove the flap and save it for use in the 
reassembly. Remove the tube from the tire. 

c. Assemble the tire and wheel in the following manner: 

(1) Insure that the wheel, tire, and tube are serviceable. Remove 
any foreign matter that may have collected on the inside of the tire. Check 
the tube to make sure that it is stamped with the same size as the size 
markings on the tire. As a rule an old tube should not be used in a new 
tiLve. Clean all rust and dirt from the tire beads and wheel rim, using a 
wire brush if necessary. 

(2) Install the tube4»»the tire, replace 
the valve core if it was removed, and inflate the 
tube with a small amount of air. Put just enough 
air in the tube so it fits smoothly in the tire with- 
out wrinkles. If the tire has a balance mark (red 
dot), aline the tire valve with the mark. If a flap 
is used, slide the valve stem through the stem 
hole in the flap and position the flap in the tire. 
The flap must lay smoothly against the tube 
between the beads. 





(3) Lay the wheel on a flat surface 
with the retaining ring side up. Place the tire 
on the wheel, alining the valve stem with the 
valve slot in the wheel. Make sure that the 
valve stem is pointed up toward the retaining 
ring side of the wheel. On some wheels the 
valve stem opening is not slotted. On these 
wheels the tire must be started over the wheel 
at an angle so the valve stem can be inserted 
in the stem hole. Once the stem is positioned 

properly, slide the tire onto the wheel rim. Use soap on the beads for 
lubricant if necessary. 
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(4) Place the split retaining ring on 
, the tire with the split opposite the valve 3tem. 
Fc ce one end of the ring between the tire 
bead of the rim until it seats in the rim 
gutter (groove). Work progressively around 
the wheel, prying the retaining ring down into 
the rim gutter. Pry with a tire tool inserted 
through the openings in the wheel disk. Make 
sure that the retaining ring is fully seated in 
the rim gutter all the way around. Tapping 
lightly with a hammer may aid in seating the 
ring. 





ItfUtOPfAlY SEATED 
RING ILOWN ON TAI£ 



(6) Some units 
build special cages to 
place the wheel and tire 
in while it is being in- 
flated after a repaii- job. 
The cages are not stand- 
ard items of issue; 
therefore, the mechanic 
may have to use other 
precautionary measures 
to guard against injury. 



(5) Special careNnust be exer- 
cised when inflating tires on wheel rims 
with retaining rings. If the ring does 
not seat and lock properly in the wheel 
rim gutter, the high pressure used in 
truck tires can blow the ring from the 
wheel with great force. A flying retain- 
ing ring can easily break your arm or 
even inflict fatal injury. 
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(7) A safety bar may be ins 
through the holes in the wheel disk. The bar 
must be positioned so it would block the re- 
taining ring if the ring should blow off. In 
place of a safety bar, a chain can be wrapped 
around both the tire a^d wheel to secure the 
retaining ring. 



(8) If some safety device is not 
available f the mechanic should at least 
make sure that the retaining ring is not 
turned toward him while he is inflating 
the tire. If he lays the wheel on the 
ground with the ring pointed downward, 
he can inflate the tire from above. If the 
ring should blow off, the force of the 
wheel and tire blowing upward will be 
somewhat le3S then that of the retaining 
ring. 




SECTION IV. REPAIR OF TIRES AND TUBES 

12. TIRE REPAIR. The repair of tires and tubes by the unit repairman 
will consist mainly of the repair of punctures. Repairs such as section re- 
inforcement, spot repair, and recapping will be performed by depot mainte- 
nance personnel. On tubeless-type tires thS puncture in the tire is repaired, , 
while on tube-type tires the repair is made to the tube and sometimes minor 
repair to the tire. Let's start with the tubeless tire and see how it's re- 
paired. 

a. If the tire is removed from the wheel, a patch can be installed 
over the puncture on the smpoth surface inside the tire. A hot patch is 
recommended for this purpose. A hot patch consists of a gun rubber patch 
on a metal fuel pan. The fuel pan contains a solid fuel that can be ignited 
with a match. Apply the hot patch in the following manner: 

(1) Spread and block the tire beads at the puncture so there is 
ample working space. Position the tire so that the particles of rubber will 
fall away from the puncture when A is being buffed. 

(2) Clean around the puncture inside the tire, using the special 
rubber solvent and swab provided for this purpose. The solvent is extremely 
flammable, so do not use it around an open flame or sparks. 
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(3) Gently buff an area around the puncture Slightly larger 
than the fuel pan of the hot patch to be used. This is to rough 
up the rubber so the patch will stick better. A buffing tool th« 
is made for this purpose or a clean wire brush may be used. Do 
not use a power buffer. 

(4) Remove rubber particles by lightly dusting the buffed are 
with a dry, clean swab. Brush from the puncture to the outside of 
the buffed area to prevent filling the puncture with rubber particle. 

(5) Select the sealant compound furnished with the patching 
material and insert it into the puncture from the tread side of the 
tire. Completely fill the puncture with sealant. Then remove any 
of the compound, dirt, , rubber particles, or other foreign material 
that has been pushed to the inside of the puncture. 

(6) Select the proper size hot patch to cover the puncture. Do 
not attempt to usw a patch that is too large to follow the curvature 
of the tire. Prepare the patch according to the instructions received 
with the repair material. Center the fuel pan over the puncture, 
patch side down, and press it firmly against the inside surface of 
the tire. 

(7) Install the vulcanizing U-clamp over the tire with the spider 
part of the clamp over the patch. Make sure that the clamp spider 
contacts the patch fuel pan squarely; then turn the clamp handwheel 
down to clamp the patch firmly to the tire. 

(8) Use compressed air to blow any solvent and sealer fumes 
from the inside of the tire. These fumes are heavier than air so 
they can collect in the bottom of the tire and flash when the hot 
patch is ignited. 

(9) Ignite the fuel in the patch fuel pan with a match. If the 
fuel is difficult to ignite, scratch the top surface with a screw- 
driver or knife blade. Leave the patch undisturbed for at least 

10 minutes after the fuel has burned out. 

(10) Remove the U-clamp and the hot patch fuel pan, making sure 
that none of the charred bits of fuel are left in the tire. Inspect 
the patch to make sure that it is stuck firmly to the tire. 

b. By using the tubeless tire repair kit, emergency repairs 
can be made on a tubeless tire without removing the tire from the 
wheel. In fact, a small leak can be repaired with the air still 
in the tire and the wheel and tire assembly installed on the vehicle. 
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(1) Before the leak can be located, all mud and dirt will ha\ 
be removed from the tire and the tire will have to be inflated. Locate the 
plastic applicator bottle and the container 
of leak detector powder in the tubeless 
tire repair kit. Fill the applicator cap 
with detector powder and pour it into the 
applicator. Fill the applicator with water 
and shake to dissolve the powder. Squeeze 
the applicator bottle to spray the solution 
on tne tire at suspected leak areas. Tiny 
white bubbles will show the location of the leak, 
and the valve for leaks. 
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Be sure to check the bead 



..(2) If the leak is at the bead, the tire will have to be removed 
from the wheel and inspected for bead or rim damage. If the valve stem is 
leaking where it seats in the wheel rim, the tire will need to be removed 
in order to replace the valve stem. If the valve core is leaking, replace 
the core. Most of the time, however, the leak will be through a puncture 
in the tread caused by a sharp object such as a nail, a piece of glass, etc. 
Let's proceed, assuming that the leak is a puncture in the tread. 

% 

(3) Make sure the wheel is raised to remove all weight from the 
injured tire. Remove all foreign objects, such as nails, glass, rocks, etc, 
from the puncture. Wipe the puncture area and blow around the wound with 
compressed air so it is completely dry. 



(4) Remove the injector tool 
from the repair kit. Notice that the 
tool has a needle with an eye in its 
outer end. A lever is pivoted at the 
needle holder and extends along the 
tool handle. The needle can be slipped 
freely in and out of the tool after lifting 
outward on the lever. Pressing the 
lever inward locks the needle in place. 
The canister-type handle can be un- 
screwed from the tool and a spool of 
thread repair material installed inside 
the handle. 
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(5) Use the injector tool 
to probe the puncture in the tire. 
Extend the needle so its tip is 2 
inches from the holder. Lubricate 
the needle by dipping about 1/2 inch 
of it into the can of bonding compound* 
Grip the handle and lever of the tool 
to lock the needle in place, and press 
the needle into the puncture to find 
the direction cf the injury. Force 
the needle through to the inside of 
the tire, following the puncture to 
coat the inside of the hole with bond- 
ing compound; then withdraw the 
needle. 




(6) Unscrew the canister handle and place a spool of repair thread 
in the canister, thread end out Pass the end of the thread through the hole 
in the injector tool base and screw the canister back in place. 




(8) A double strand of 
material should be used to repair 
large punctures. To make a double 
strand* pull additional material from 
the canister and thread the needle for 
a single strand. Then double the 
material back and pass the end through 
the^ needle eye from the opposite direc- 
tion. If difficulty is encountered in 
passing the tip of the material through 
the needle eye, cut the material at an 
angle so that it has a sharp tip. 



(7) Thread the needle with 
the repair material. To do this, 
extend the needle to full length, 
pull the repair material through 
the hole in the tool base and pass 
it through the needle eye. Pass 
4 inches of material through the 
eye for a light duty tire, and 8 
inches for a heavy duty tire. If the 
puncture is small, like a nail hole, 
this should be enough material to 
plug the hole. 
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(9) After threading tfce 
needle retract the needle to 2 inches 
and dip the needle and thread 1/2 
inch into the bonding compound* 
Squeeze the clamp lever tightly and 
insert the needle into the' puncture, 
following the direction of the punc- 
ture. Push the needle at least 2 
inches into the tire. Then release 
the pressure on the clamp lever and 
pull out on the tool until another 2 
inches of the needle is exposed". To 
reduc* the possibility of bending 

breaking the needle, there should never be more than 2 inches of the needle 
exposed between the needle holder and the tire. 

(10) Continue to push the 
needle and repair material into the 
puncture, 2 inches at a time, until 
the end of the. material is 1/2 inch 
from the outside surface of the tire. 
Then squeeze the clamp lever and, 
with a steady pull, withdraw the 
needle so the needle holder is 2 
inches from the tire. Release the 
lever and slide the toolholder on 
the needle to the tire. Squeeze the 
lever and withdraw the needle 2 
more inches. Continue to^ withdraw 
the needle until the end of the needle is out of the u%e 1/2 inch. Cut the 
repair material at the eye of the needle so the tool can be removed, leaving 
the material in the puncture. 




(11) It the puncture is large 
enough so that the hole is not firmly 
packed with repair material, rethread 
the needle and inject more material 
using the same procedures just de- 
scribed. Inflate the tire to the proper 
pressure and test the repair with the 
leak detector solution. If the solution^ 
bubbles, insert more repair material. 
When the leak is stopped, trim the 
repair material so it extends 1/4 inch 
from the tire. 
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/BE REPAIR. To repair a tube it is necessary to first remove the 
tube from the tire. Care should be taken to insure that the object that caused 
the damage to the tube is removed from the tire. Either a hot or cold patch 
may be used to cover the area of the puncture in the tube and prevent escape 
of the air. On a tube made of synthetic rubber, the cold patch should only 
be used as a temporary emergency repair. Patches on tubes are only good 
for repairing small holes or tears and should not be used on injuries longer 
than 3^4 of &n inch. 

_ \ 
a. The hot patch is a strip of gum on a metal pan that is made in 
several sizes. A white protective cloth covers the gum patch until the patch 
i^applied to a tube. On the side opposite the gum, the hot patch contains a 
block of fuel. When this fuel is ignited and burned during application of the 
patch, the heat serves to bond the patch to the tube. The hot patch is ap- 
plied in accordance with the instructions in the accompanying illustration. 
If the tube is made of synthetic rubber, the injury is filled with rubber that 
is included with the hot patch. 
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Repair of inner tubes. 
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b. Cold patches consist of strips of rubber protected by a cloth cover 
on one side, A package of cold patches normally willliave an assortment of 
various sizes of ready-made patches, a larger strip or roll of patching 
material that may be cut to the desired size and shape, and a tube of rubber 
cement. Also, the package will have, usually on the cover, a rough surface 
for buffing the damaged tube during repair. When a cold patch is to be ap- 
plied* the area around the puncture or tear in the tube is cleaned and buffed 
the same as for the hot patch* The cement is applied to the buffed area as 
specified by the directions on the package, and the patch appliecf after the 
protective covering has been removed. The side of the patch that held the 
protective cover is placed face down on the area and rolled with the edge of 
the package while laying on a hard flat surface. 



c. Rubber covered valves that are used on smaller tires may be re- 
placed using the hot patch method. Study steps A through F in the accom- 
panying illustration. Notice that a special type fuel pan with a hole in the 
center is used to apply heat to the replacement valve. 




A— ttMOYlNO 0AMAGCD STEM 



I— ENLARGING VaLVE HOLE 
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E~rLAC(NG VALVE AND HCAT 
UNIT IN VULCANlZIt 
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Rubber valve-stem repairs. 
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The valve stem repair tool can 
be used to repair slightly damaged valve 
threads. For example, the die on the 
tool can be used to straighten up or chase 
the outside threads on the valve stem, 
as seen in the accompanying illustration. 
The tap can also be used to chase the 
threads on the inside of the valve stem. 
This tool, plus the many other tools 
described in this lesson, will make tire 
maintenance much easier for the mechanic. 




CHASING THREADS 

on valve stem 



SECTION V. CONCLUSION 



14. SUMMARY. 



a. Tools needed to remove and replace wheel and tire assemblies are 
issued with, and stored on, the vehicle so the operator can remove and in- 
stall wheels any ti^e it is necessary. The mechanic may also use the same 
tools to exchange wheels on the vehicle; however, he has a lot more tools 
available for his use, not only to speed up the exchange of wheels on the 
vehicle, but also to enable him to make minor repairs on tires and tubes. 



b. When doing scheduled maintenance service on a vehicle, the 
mechanic will inspect the condition of the tires and wheels. He must be 
able to tell if the tires should be removed for repair or replacement or if 

v they should be rotated. He must also be able to spot wear patterns that 
point to possible problems in areas such as the suspension, brakes, and 
steering and improper tire pressures, 1 

c. Drop-center wheels are used on passenger cars and many small 
trucks. This enables the tire to be removed or replaced on the wheel by 
placing the tire bead in the drop center on one side while prying the bead 
over the rim on the opposite side. A retaining ring must be removed from 
one side of a large truck wheel before the tire can be removed or replaced. 
When inflating truck tires, BEWARE OF THE RETAINING RING! 

d. A puncture in either a tubeless tire or a tube can be repaired with 
a hot patch. In either case the tire is removed from the wheel. A cold 
patch can be used in some tubes but is not recommended for use on a tube 
made of synthetic rubber. A puncture in a tubeless tire may also be sealed 
by injecting a string-like repair material through the hole with an injector 
tool made for this purpose. 
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15. PRACTICE TASKS . The following appendix contains a list of tasks 
associated with the maintenance of wheeled vehicle tires* They are 
representative of the tasks you will be required to perform as a wheeled 
vehicle mechanic. Perform all the tasks listed. Be sure you are under the 
supervision of an officer, NCO, or specialist who is qualified in the MOS 
when you practice the tasks. If you find you are having difficulty in certain 
tasks, restudy the appropriate training material and practice the tasks until 
you become proficient in each one. 
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ERCISE 

96. You have been instructed to remove and repair a leaking tire mounted 
on a 2-1/ 2-ton truck. Which tools that can be used for the task are 
carried on the truck? 

a. Pneumatic tire demounter 

b. Impact wrench and socket 

c. Lug wrench and jack 

97. What type of mud and snow tire is used on tactical wheeled vehicles? 

a. Directional 

b. Nondirectionai 

c. Commercial 

98. What size wheel, in inches, is used with an 8. 25X20 tire? 

a. 8 

b. 8. 25 

c. 20 

99. Adding more plies to a tire will 

a. reduce tread wear. 

b. improve the ride. 

c. increase the strength. 

100. Commercial tires should be retreaded when the tread is worn down to 

a. . 1/32 inch. 

b. 1/16 inch, 
c 1/8 inch. 

101. What is indicated by the red dot on the sidewall of a tire? 

a. Balance mark 

b. Type of rubber 
c Tread design 

102 ' tir " °" 3 VehiCU! ' 3 ' ape m °™" is uscd '° 

a. tread wear'. 

b. circumference of the tire. 

c. diameter of the tire. 
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103. When installing dual rear wheels on a truck, thi valve stems of each 
set of duals should be located 

a 90° apart. 

b. 180° apart. 

c. in the same position. 

104. The outside lug nut on military dual wheels is threaded onto the 

a. mounting studs. * 

b. axle shaft. 

c. inside wheel nut. 

105. A fishing tool is used to 

a. check for breaks in the tire carcass. 

b. locate leaks in a punctured tube. 

c. pull the valve stem throiigh the hole in the wheel rim. 

106. What should be done to the beads that refuse to seat on a flat rim as the 
tire is inflated? 

a. Lubricate beads with grease 

b. Coat beads with soap 

c. Compress tread to expand beads 

107. What is an advantage of directional-type treads on tires? 

a. Increased tread life 

b. Se1,f- cleaning action 

c. Easier steering 

108. What item is used when applying a hot patch to an inner tube? 

a. Roughing tool 

b. Vulcanizing tool 

c. Injector tocl 

109. Which type of vehicle usually has a rib-type tread on the front wheels? 

a. Farm tractor 

b. Commercial sedan 

c. Cargo truck 
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110. When rotating tires on the 1/4-ton truck M151, the spare is moved to 
the 

a. left front. 

b. right rear, 

c. right front, 

111. How does the organizational motor pool obtain a tubeless tire repair 
kit? ^ 

a. Included in the No 1 common tool set 

b. Included in the No 2 common tool set 

c. On an as-required basis 

112. The air compressors available in organizational maintenance sets are 
powered by 

a. gasoline engines. 

b. electric motors. 

c. diesel engines. 

113. Nondirectional mud and snow tires should be removeu and retreaded 
when the 

a. fabric is exposed. 

b. center of. the tire is worn smooth. 

c. depth of the tread is 1/8 inch. 

114. A front-end alinernent on a wheeled vehicle shows the wheels are toed- 
out. Where will the treads show wear due to this type misalinement? 

a. Inside edge 

b. Outside edge 

c. Center 

115. Excessive but even wear on both edges of the tire tread is usually the 
result of 

a. improper braking. 

b. incorrect steering alinernent. 

c. under inflation. 
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116. Which task should be done with the tool in the accompanying illustration? 

a. Install a tube-type tire valve core 

b. Restore wheel lug nut threads 

c. Remove tubeless tire valves 




117. Which method is recommended to break the tire beads away from a 
drop-center wheel rim? 

a. Drive on to the sidewail with another vehicle and force the sidewail 
away from the rim 

b. Hit the sidewail with a smooth-faced sledge hammer and drive it 
away from the rim 

c. Place a jack between the sidewail and a vehicle bumper and force 
the sidewail down 

118. Which tools or equipment are included in the organizational tool set 
No 1? 

a. Twelve-ton hydraulic jack 

b. Twenty-foot steel tape measure 

c. Fifteen-CFM air compressor 

119. Which size tire can be removed from the wheel using the pneumatic 
tire demounted „ 

a. 7:00X15 

b. 8:25X20 

c. 18:00X22 
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120, What type rim is depicted in the accompanying illu»ir.i 

a. Safety 

b. Drop-center 

c. Semielrop- center 
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APPENDIX 
PRACTICE TASK LIST 



Practice Objectiv e 



After practicing the following tasks you 
will be able to: 



1, 



Inspect wheeled vehicle tires to 
determine their serviceable condi- 
tion. 



Replace tires on both drop-center 
and military -.type wheels. 



3. 



Rotate tires and wheels. 



4. 



Repair an inner tube. 



Practice Tasks , 

1. Make an inspection of the tires on some of the wheeled vehicles in 
your unit. Look for the following conditions: 

a. Make sure that the tires are of the proper size for that vehicle. 
You can find this information in the appropriate technical manual. 

b. Examine the tires for any damage that would render the tires 
unserviceable. 

c. Check the tread wear on each tire and see if the duals are properly 
matched. 

d. Determine if the vehicle should have the tires rotated. 

e. Inspect the condition of the valve stems and the amount of tire 
pressure, including the spare. 

2. Remove and install, or help remove and install, a tire on both a drop- 
center and a military-type wheel. Make sure you inspect the conditions 

of the inside of the tire while it is removed. You should also make sure 
that the wheel and tubr are in a serviceable condition while the tire is 
removed. 
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3. Select a vehicle that is due for rotation of tires. It could be one of the 
vehicles you inspected. Make sure you rotate the tires according to the 
rotation plan for that specific vehicle. Don't guess on the- rotation plan or 
sequence. 

4. Find out if there is an inner tube in your unit that needs repairing 
If so, v using the information gained in this lesson, patch tin- tube *o that 
it is in a serviceable condition. 
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EXERCISE RESPONSE UST 



ORDNANCE SUBCOURSE 63B206 

WHEELED VEHICLE DRIVE LINES, AXLES, 
AND SUSPENSION SYSTEMS 



/ 



SEPTEMBER 1975 



DEPARTMENT OF ARMY WIDE TRAINING SUPPORT 
US ARMY ORDNANCE CENTER AND SCHOOL 
ABERDEEN PROVING GROUND, MARYLAND 
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IMPORTANT: READ AND POST 

Change 1 Co Exercise Response List Ordnance Subcourse 63B206 

28 January 1976 Wheeled Vehicle Drive Lines, 

Axles, and Suspension Systems 
September 1975 

Page 2, Response Number 142 * Change to read: 
Para 2b 

Page 2, Response Number 154 * Change to read: 
Para 2d 

Pago 2j Change to be made * Add response number 164: 

164 Para 7c 
Page 3, Response Number 200 * Change to read: 

Para 4b 

Page 5, Response Number 256 * Change to read: 
Para 4f 

Page 5, Response Number 260 , Change to read: 
Para 6c 

Page 5, Response Number 273 , Change to read: 
Para 10 

» 

Page 5, Response Number 276 * Change to read: 
Para 4d 

Page 6, Response Number 307 , Change to read: 
Para 4b 

Page 8, Response Number 363 * Change to read: 
Para 2d 

IMPORTANT: READ AND POST 

Page 1 of 2 
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IMPORTANT: READ AND POST 

Change I to Exercise Response List (Continued) 
28 January 1976 



Ordnance Subcourse 63B206 
Wheeled Vehicle Drive Lines v 
Axles , and Suspension Systems 
September 1975 



Page 9j Response Number 404 . Change to read: 
Para 4a 

Page 12. Response Number 510 . Change to read: 
Para 4d 

Page 12. Response Number 512 . Change to read: 

CORRECT. The special studs «re threaded on the mounting studs, while the 
outer nuts are threaded on to the special studs. Remember, the special studs 
must be tight before the outer nuts are installed. 

Page 12. Response Number 537 . Change to read: 

Para 4f 

Pa fie 14. Response Kumber 591 . Change to read: 
Para 5b 

Page 16. Response Number 643 . Change to read: 
Para 5b 

Page 16. Response Number 664 . Change to read: 
Para 2b 

Page 16j Response Number 666 . Change to read: 
Para 4a 

Page 17. Response Number 682 , Change to read: 
Para 6c 



IMPO RTANT: READ AND POST 



*ige 2 of 2 
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RESPONSE 

NUMBER RESPONSE* 

100 Para 3 

101 Par* 2 

103 Par* 6 

104 Para 2 
106 Para 3 

108 Para 10b 

109 Para 4 

1*0 CORRECT, These angles must be the same when conventional 

universal joints are used in order to eliminate the speed fluctuations. 

112 CORRECT. All Army tactical wheeled vehicles use universal joints 
in the drive train that have either roller or needle bearings. Most 
civilian vehicles also use roller or needle bearings. 

113 Para 4c 



115 Para 10c 

116 Para 4 

117 Para 5 



H8 CORRECT. If the tire is retreaded sooner, usable rubber is wasted. 

On the other hand, if we wait until the tread is worn down to the fabric, 
the tire carcass will be too weak for retreading. 

119 Para 6 



121 CORRECT. Using this equipment on this size tire and wheel makes 
tire demounting much easier. 

122 Para 6e 



CORRECT. Both of these gears usually have teeth that are spiral bevel 
which means the teeth are curved. 

CORRECT. All tactical wheeled vehicl es are equipped with 
nondirectional mud and snow tires. 

CORRECT. These units generally have a seal between them ?-d the 
final drive lubricant. 



*I£ your response is not listed CORRECT, refer to the indicated paragraph for the 
proper answer. 
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CORRECT. We measure the circumference of the tire with a tape 
measure. It is important that the tires on a vehicle have the same 
circumference so that they will roll the same distance on each revolution 

Para 4e 

CORRECT. The shock absorber passes through the front spring and 
is attached to a bracket on the lower suspension arm. 

Para 3 

CORRECT. The bar is designed to be twisted in one direction only: 
If it is twisted in the wrong direction it will break. 

Para 4 

Para 6 

Para 4c 

CORRECT. A threaded cap is used. The cap not only secures the 
seal in its proper position, it helps to keep the dust out. 

CORRECT. The word "laminated" means r.iade up of, or composed oi, 
layers . 

CORRECT. The shackle swings on the pivot to allow the spring to 
lengthen or shorten as it flexes. 

CORRECT. The inside edge of the tire will be forced to slide as well 
as roll If the wheels are toed-out, and the inside of the tread will wear 
rapidly. 

CORRECT. You do not have the responsibility for thic type of repair. 
This work should be done at a higher category of maintenance. 

CORRECT. The inside wheel will slow down and the outside wheel will 
speed up. The ipeed changes between the wheels are taken care of by the 
differential gears* 

Para 3 

Para 2 

Para 2 

Para 7 

Para 4a 

Para 2c 

CORRECT. The rubber insulators used at the ends of the shock absorber 
are also callei grommets. 

Para 5a 
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173 Para 5 

175 Para 6i 

177 Para 5d 

178 CORRECT. Use a fine stone to smooth the bearing surface. A rough 
stone may scratch the surface and cause more damage. 

179 Para 2 
181 Para 3 

183 CORRECT. This is due to a small metal bead on the rim which helps hold 
the tire in place if it loses its air. 

184 Para 3a 
186 Para 6d 
188 Para 4 

190 CORRECT. With it, pressure is applied to the hot patch as it is bonded 
to the tube. 

191 CORRECT. The front suspension and drive on this truck is also 

called a swing axle. This type of axle is used on many European cars and 
on some American cars. 

192 Para 5 

193 Para 4 

194 Para 3 

195 Para 7 
197 Para 6 

199 CORRECT. The tube should be inserted in th* tire so that the valve 

stem lines up with the red dot to balance the entire tire and tube assembly. 

200 Para 4h 
202 Para 6 

204 Para 4 

205 CORRECT. The head of the spring center bolt usually fits into a hole in Che 
spring seat on the axle to help hold the axle in alinement. 

206 CORRECT. This type spring is the most commonly used on trucks and 
passenger cars that use leaf-type springs. 

207 Para 4 
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Para 6f 



CORRECT. In fact, the ability of the spring ends to slide 
back and forth on these plates makes it a variable rate spring. 

CORRECT. This is the diameter of the wheel without the tire 
and tube. 8*25 indicates the distance across the sidcvalls of the 
tire when it is mounted on the rim and inflated. 

CORRECT. This gear is attached to the differential case assembly. 

The pinion gear is the input gear and it drives the ring gear,, except when 

the vehicle is coasting. Then the drive is reversed. 

CORRECT. Tce-in is increased by bringing the wheels closer together 
at the front. • To do this , the tie rod, which is mounted at the rear of the 
wheels, must be lengthened. 

Para 3 

Para 2g 

CORRECT. When proper!/ mounted, this type of tire is self-cleaning, 
because the "chevron" design tends to throw the mud out of the grooves. 
With the grooves Iree of mud, traction is improved. 

Para 2 

Para 10b 

CORRECT. This component fits inside the front coiled spring and must 
be removed before the spring <?an be removed. 

CORRECT. The inner ends of all axle shafts on these vehicles are 
splined to, and driven by, the differential side gears. 

Para 7 

CORRECT. The U-joint yokes at both ends of the M15i propeller 
shafts are welded to the shaft, so there can be no slip joints. The slip 
joint is actually on the U-joint companion flanges on the transfer case 
output shafts. 

Para 2c and 4a 

Para 3 

Pa;a 4c 

Para 10c 

CORRECT. The chains at each end of the gage must just touch the floor, 
or be the same distance from the floor, ft r the gage to be parallel with the 
axle. On any vehicle be sure the gage is properly positioned before you 
check the toe-in. 



CORRECT. The ball-and-trunnion type has a pair of grooves in the 
flange body which permit the trunnion to move back and forth as the 
propeller shaft lengthens or shortens. 



242 Para 4b 

243 CORRECT. The greater the angle through which the conventional 
U-joint operates, the greater the speed fluctuations. 

245 Para 4b 

247 Para 5 

248 Para 9 

250 Para 6i' * t 

253 CORRECT. A zipper is used to clos' tne boot after it is placed on the 

axle. To keep the zipper from loosening, it must be locked with wire. 
A sealant cement is used to make the boot leakproof. 

256 Para 4d 

2 59 CORRECT. The steering knuckle pin is picbably better known by 

this name. Its purpose is to provide a pivot f c r the wheels on the axle. 

260 Para 6g 
262 Para 6k 

264 CORRECT. The spider gears would be walking around the «' :we side 



gear. 



266 Para I 

268 CORRECT. The U-type shackle is threaded at both ends to mate with 

the internal threads of the spring's shackle bushing. 

271 Para 6i 

273 Para 3 

274 Para 3a 
276 C * Para 6c 

2 ^ CORRECT. The same bolts that secure the spindle flange to the 

steering knuckle also secure the brake backing plate to the knuckle. 

278 CORRECT. We want the transmission in gear and the propeller shaft 
connected when checking for a broken axle shaft. 

279 Para 6 
281 Para II 
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284 Para 4 

286 Para 4 

288 CORRECT, The drive axles can awing up and down as the wheels go over 
the bumps. The final drive and differential* are mounted in a separate 
gearcase, while the axle shafts, which are standard propeller shafts, are 
exposed, 

289 Para 7 

290 CORRECT. If the shaft is dented or bent its balance will be upset. 
When the shaft is unbalanced it usually viorates and causes a noticeable 
noise. The vibrations and noise will increase as the vehicle's speed 

is increased. 

292 Par* 3 

293 Para 5a 

295 Para 5 

296 CORRECT. If one wheel loses traction it will spin. Since that wheel 
can rotate on the side gear of the opposite axle, the wheel on the opposite 
side does not turn. If one wheel loses traction, the vehicle will not move^ 

298 Para 3 

299 Para 3c 

300 COI.RECT. If possible, use a heavy vehicle for this operation as a light 
vehicle will raise rather than the side wall go down. 

301 Para 5b 
304 Para 4 

306 Para 3 

307 Para 4h 
309 Para 3 
311 Para 7 

31 3 CORRECT. We used a caliper first to measure the overall height of the 

joint under load and then the overall height without the load. 

316 Para 3h 

313 CORRECT. Short valves are difficult to hold in the opening in the 

rim while the tire is forced into position: The fishing tool makes it easy to 
to hold the valve. 
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320 Para 8 

323 Para 2c 

324 Para 6 

326 CORRECT. When a gear ratio is shown, the revolutions made by the 

driving gear are always indicated first. In this question the ratio is 
45:10 or 4.5:1. 

328 Para 6d 

329 Para 8 

330 Para 9 

332 Para 5 

333 CORRECT. We should listen for any unusual noises that may be coming 
from the axle assemblies. Before the road test, however, check for leaking 

. gaskets and loose mounting bolts. 

335 Para 6 

336 Para 6 

338 CORRECT. Some valve caps are also designed to do the same job. 

339 CORRECT. With the plumb bob we can accurately locate on the floor 
the points of reference needed to measure frame aline me nt. 

54 1 CORRECT. Most modern vehicles use the banjo-type axle housing 

which requires less disassembly work to inspect the differential gearing. 

342 Para 7 

r 

344 CORRECT. They are used lo adjust the caster and camber of the ^ 

front wheels. This is a very exacting adjustment, so be sure to put the 
shims back on the same lower control arm mounting bolts. 

347 Para 8 

349 • Para 3a 

350 Para 2 

352 CORRECT. The brake backing plate must be removed, so it is 

necessary to disconnect the hydraulic hose that delivers the hydraulic 
fluid to the wheel cylinder. 

355 * CORRECT. The rib-type tread makes it easier to steer. Such a 

tread will last on this type vehicle because it is a low-speed vehicle 
and has no brakes on the front wheels. 

356 Para 3a 
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Para 5 



CORRECT. Loose U-bolts will allow the spring to shift on the axle. 
Such shifting usually shears off the head of the spring center bolt. 

Para 2 

Para 3 

CORRECT. The end of the bolt is peened (mushroomed like a 
rivet) by pounding on it with the round end of a ball peen hammer. 
With the end of the bolt thus enlarged, the nut cannot work loose on the 
threads. 

CORRECT. As a passenger in a car or truck* you get the violent bump 
during spring rebound* not during compression. 

CORRECT. The joint is called constant velocity because its input 

and output speeds do not fluctuate as a conventional universal joint does. 

CORRECT. The spring seat bearings used on the M35-series trucks are 
interchangeable with the wheel bearings. The adjusting nuts are also the 
same, so the same wrench can be used to turn the nuts on both the spring 
seat bearings and wheel bearings. 

Para 6 

Para 2 

Para 4a 

Para 3 

Para 6b 

CORRECT. This adjustment is critical because it affects the steering, 
braking, bearing life, and tire wear. Be sure you adjust the bearings 
according to the specifications given on any vehicle. 

Para 4 

Para 4c 

CORRECT. This type power works very well on this type oi equipment, 
and it is more mobile and less expensive than some of the other available 
sources of power. 

Para 9a 

Para 3 

Para 3 

CORRECT. A dead axle delivers no power to the wheels. Such an axle 
provides the mounts for the wheels, supports part of the weight, and helps 
maintain alinement. A dead axle on a truck is usually a solid steel I-beam. 

8 
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391 Para 6 

392 Para 4c 
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393 CORRECT. The individual coils do not rubiagainst each other, so 
there is no friction. This type of spring continues to compress and 
rebound after the vehicle has passed over the bump, unless its action is 
controlled by a shock absorber. 

394 Para 4d 

396 Para 4 

397 CORRECT. Always be sure you have the right specs when adjusting 
toe-in. Toe much or too little toe-in can ruin a set of front tires in a 
hurry. Accuracy is the word when setting the toe-in. 

400 Para 3 

402 Para 3 

403 Para 3h 

404 Para 10 

405 Para 4b 

407 Para 3 

408 CORRECT. Grease, automotive and artillery (GAA) . is prescribed, 
but regular wheel bearing grease is satisfactory if GAA is not available. 

409 Para 3 

410 Para 5b 
412 Para 7 

414 Para 13 

415 Para 7c 

416 Para 4 

417 CORRECT, The flap protects *n*at part of the inner tube that 
is not enclosed in tne tire (the part next to the rim). 

419 Para 5a 

420 Para 5 

421 Para 3 

422 Para 3e 

423 Para 5 
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Para 3 



426 Para 6b 

427 Para 3 
429 Para 4 

431 Para 6i 

432 Para 1 
434 Para 2e 
437 Para 2b • 

439 Para 8 

440 Para 6 
442 Para 4 
444 Para 2g 

446 CORRECT, The rear wheels should follow directly behind the front wheels, 
or at equal distances on either side of the front wheels, on a level, 
straight road, 

447 Para 6f 

448 Para 9 

451 Para 5 

452 CORRECT. Th v <ng gear gets its name from the fact that its 
center is open - like a ring. Some of them are bevel gears with 
curved teeth, and they are called spiral bevel gears. 

454 CORRECT, These studs are large ones because they are subjected 

to a lot of twisting stresses. They must be tightened to 350-400 Ib-ft 
of torque so that there will be no danger of their working loose. 

457 Para 3a 

459 Para 6g 

460 CORRECT. This bolt has the high yield strength needed to resist the 
stress imposed on a vehirle frame. ^ 

462 Para 6 

463 CORRECT, These bolts have 12 points on their heads instead of the 
usual six. To remove or replace the bolts, a 12-pomt socket wrench 
ic needed. 
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46S 
468 
470 
471 
474 
477 
480 
482 
483 
48S 

486 
488 
490 

491 
492 
493 

496 
497 
498 

S00 
501 



Para 4 
Para 8 
Para 10 
Para 4h 
Para 3 
Para 3 
Para 11 
Para 2c 
Para 4 



CORRECT. These gears are located inside the differential and 
have splines to mate with the splines on the axle shafts. 



Para 4 
Para 6i 



CORRECT. Tactical vehicles used by the militaxy must be able 

to travel through swamps, sand, and most other types of adverse terrain. 

The live front axle provides the extra traction needed for this type of 

operations. 



Para 2 
Para 4b 



CORRECT. The drive flange is splined to the axle and bolted 
to the hub. Thus, the torque supplied by the axle is transmitted 
to the hub to turn the wheels. 



Para 4b 
Para 9 



CORRECT. The drum, of course, must turn with the wheel so 
it can slow it down when the brakes are applied. Many smaller 
vehicles use the lug bolts to help secure the drum to the hub. 



Para 4 



CORRECT, The greatest strain is on the outer surface of the 
shaft. Because the strain is on the outer surface, tubular shafts 
are used in most installations. 
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504 Para 6 

505 Para 7 

507 CORRECT. It &ct* as a lubricant and is used instead of grease because 
grease will damage rubber* 

508 Para 3e 
510 Para 6c 

512 CORRECT, The Inside nuts are threaded on the mounting studs, while 
th* outer nuts are threaded on the inside nuts. Remember, the inner nuts 
must be tight "before the outer wheel and nuts are installed. 

513 Para 1 

516 CORRECT. In fact, the clips zre often called rebound clips 

becaufe they keep the leaves together during spring rebound. 

518 CORRECT. Your shop has the necessary tools and equipment needed 

in performing this measurement and adjustment^ 

520* Para 7 

521 Para 6 

522 Para 3 

523 Para 2b 

524 CORRECT. This is true unless it is on the front axle assembly. The 
constant velocity joint makes things a little different on this axle. 

526 Para 2 and 4 

527 Para 4 
529 Para 6 
531 Para 3 

533 CORRECT. Three baits and nuts are used. When installing these bolts 

and nuts, remember that they mutt be tightened to specifications with a 
torque wrench. 

535 p ara $ 

536 p ara z 

537 Para 4d 
539 para 4b 
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541 CORRECT. The full-floating axle shaft does not support the vehicle 

weight nor does it absorb the side thrust. The vehicle weight and most 
of the wheel side thrust are taken by the axle housing. 

543 Para 3 

545 Para 4 

547 CORRECT. When a blind spline, which is normally twice as wide as the 

other splines, is used, it is impossible to assemble the slip joint in more 
than one position. 

549 Para 6h 

551 CORRECT. When the tread is worn to this point, the tire is unsafe and 

should be retreaded, 

553 Para 3 

555 CORRECT* Both the compression and rebound pistons in this type of 
shock absorber are moved by cams. 

556 Para 6d 

557 Para 5 

559 CORRECT. If the spring is weak, it loses its arch and flattens out. 

As it flattens it becomes longer and forces the shackle back. 

561 Para 4 

562 Para 5 

563 CORRECT. The other possible answers this question may be done, but 
visually inspecting the axle assembly is ..ways the first step in the 
maintenance ladder. 

565 CORRECT, The trunnion shaft is also called a spring seat cross -shaft 

or a bogie axle. Regardless of its name, the spring seat bearings are 
mounted on it and are held in place by an adjusting nut and a locknut. 

567 CORRECT, The slight (5°) taper on each bsad seat provides a squeeze 

~f* fc between the rim and the tire to prevent slippage of the tire beads on the 
rim. 

569 CORRECT, Because some of the tactical vehicles use tubeless 

tires, some motor pools will need this kit. If your unit needs one, it is 
available. 

570 Para 3 

572 Para 8 

573 Para 1 
575 Para 2- 
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577 CORRECT. The leaver the axle, the lower the body of the 
vehicle. The vehicle's center of gravity is lowered any time 

* the load is lowered. 

578 Para 7 

579 Para 7 

580 Para 3 

581 Para 4h 

582 Para 4 

584 CORRECT. The seal in the outer end of the axle housing would be 

damaged if *he axle shaft slides across it as it enters the housing. 
Be sure to support the axle shaft so it will not damage the seal when It 
is installed. 

587 CORRECT. Increasing the number of plies increases the load-carrying 

capacity of the tire. However, the ride will be much worse because the 
tire will be stiffer and will not flex easily. 

590 CORRECT. Unitized means made as one, and, in this case, the frame 
members and body are welded together. 

591 Para 8 

594 Para 2 

595 CORRECT. The flexing springs cause the axles to move up and down. 
As the axles move, the distance between them and the transfer csae 
changes. To compensate for these changes, a slip joint is used on the 
propeller shaft. 

597 p a ra 4e 

599 CORRECT, You will need this equipment when working on heavy 
wheeled vehicles. 

600 Para 6e 

601 Para 5a 
603 Para 5d 

^05 CORRECT. The *ooL* needed to remove tne wheels and tires are on each 

vehicle. Oth r ool* needed for tire worKare found in the organizational 
maintenance set. 



607 



CORRECT. When the valve stems are 180° apart they are exactly 
opposite each other. This makes it easier to locate the valves during 
blackout conditions. 
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608 CORRECT. On Urge military trucks the jg nuts tighten toward the 

front, which means that the lug bolts and nuts have right-hand threads 
on the right-hand side and left-hand threads on the left side of the vehicle. 



9 610 Para 6d 

611 Para 5a 



612 CORRECT. Snapring is another name for spring retainer. Tab locks are 

commonly used to lock wheel bearing adjusting nuts in place, and C-washers 
are used to secure brakeshoes on their pivot pins. Neither of these 
devices is made of spring steel, however, and they are not normally used 
to secure U-joint bearings. 

614 Para 5b 

615 Para 6 

617 CORRECT. The CV-joint is housed in the steering kiTuckle. The 

CV-joint and knuckle can pivot on the outer ends ofHhe axle housing in 
order to steer the vehicle. 

619 Para 5b 

621 CORRECT. The figure 7.50 indicates the tire's approximate width, in 

inches, when the tire is mounted on the wheel and properly inflated. 

/3 CORRECT. The center of the tire will buckle inward if the tires 

have too little air, leaving the edges to support the load. 

624 Para 6 

627 CORRECT. On almost any drive or propeller shaft with a slip joint, the 
slip joint goes toward the source of the power. In this case, the source is 
the differential. 

628 CORRECT. The Tracta joint is a male and female mechanical joint \vtth 
no balls for the yokes to pivot on. The male and female yokes and slots 
are in sliding contact with each other. 

629 CORRECT. The lifting eye, with its locknut, is illustrated in a figure in 
the lesson. The eyes at each of the four wheels are the lifting points on 
the vehicle when it is being airlifted in the field. 

630 Para 6 

631 Para 2 

634 Para 2c 

635 CORRECT. The yokes on the driven half of the universal joint speed up 
twice and slow down twice during each revolution. How rr^uch they speed 
up and slow do-vn depends on the angle of drive between the driving and 
driven shafts. 
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636 

637 
638 

639 

640 
642 
643 
644 
647 
648 

651 



CORRECT. When ball and trunnion joints are used, no slip joint, as 
such, is needed because the balls on their trunnions can move back and 
forth to perform the function of a slip joint. To keep the shaft centered, 
howe ver, c ompensating springs are used. 

Para 5a 

CORRECT. The spring seats are mounted on tapered roller bearings. 
These gearings allow the spring to pivot and maintain equal pressure on ■ 
the driving axles even when one wheel rises as it passes over the bumps on 
the rjbad. 

^CQRRECT. The vent valve is located in the top of the differential case. 
This drive aas swing axles, so there is no right or left axle housing. 

Para 3 
Para 7 
Para 8 • 

Para 6 ^ 
Para 4d 

CORRECT. The telescoping, direct-action shock absorber is commonly 
called an airplane type. In fact, they are Extensively used in airplanes. 

CORRECT. The entire front suspension and drive assembly, which 
includes the crossmember, is secured to the frame rails by eight bolts, 
four on each frame rail. 



654 



CORRECT. By placing the jack stands under the frame rails at the point 
where the rails are welded to the^ body, you get good support and plenty 
of room to work. 



657 
659 
661 
662 
664 
665 
666 
667 
669 



Para 2 
Para 13 
Para 7 
Para 5 
Para 4c 
Para 6h 
Para 10 
Para 4 



CORRECT. The wheel and tire removed from the right front is th*n 
mounted on the spare. 



672 



Para 3 
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Para 3 
Para 3 
Para 3 
Para 6g 

CORRECT, The spring seat bearings are preloaded to 60-75 lb-ft 
torque because they are subjected to severe 'radial and thrust loads. 

Para 7 

CORRECT. This pattern is always followed on this vehicle when rotating 
the tires *and wheels in order to equalize the wear of all of the tires, includ- 
ing the spare. 

Para 5 

Para 3 

Para 3 

Para 6g 

Para 9 

CORRECT, The assembled spring is under tension. If it is not clamped 
in a vise it will flyf apart. when the center bolt is removed, 

CORRECT. The vise is clamped around the inner shaft when the CV -joint 
is checked for wear. Don't forget to use wooden blocks or soft metal 
protectors in the vise to avoid damage to the shaft. 
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CORRESPONDENCE/OJT COURSE 1 




. EXAMINATION VERSION I 

Ordnance Subcourse No 63B206. . . Wheeled Vehicle Drive Lines, Axles, 

and Suspension Systems 

V 

Credit Hours One 

Objective . " To test the student's overall 

knowledge of the material covered 
in this* subcourse. 

Suggestions •••««* Before starting this examination, 

it is suggested that you review all 
lessons studied in this subcourse. 

Texts All study texts used in this 

subcourse. 

Materials Required * . * None 

(Do not send these pages in—use the answer sheet provided for recording 
and mailing your^solution. ) 

Requirement (35 Questions) — height 100—A11 items are weighted equally. 

MULTIPLE CHOICE 
(See instructions on answer sheet provided) 

1. When installing dual wheels,, the wheel disk holes are alined to 

a. allow the flow of air for cooling. 

b. k maintain proper wheel balance. " 

c. distribute the load on the wheel bearings. 

d. permit locking the wheels together. 
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or more torque rods musjf be disconnected to Remove which 
component from a 2-l?2-ton truck M35A1? 

a. Front axl^ % • * ' ~ * ^ 

b. Rear spring , » ^ 

c. Rear axle % " ' * \ 
d # Front spring i ^ V 

4. 



3. What special tool is needed to adjitet the wheel bearings of 1 1/4-ton 



truck M151? ^ 



a. Torque wrench / * • ~* \^ 

b. Wheel bearing nut adjusting* wfench 

c. Spanner w,re#ch „. . ' ./>? 



d # Deep well socket 
4. A shackle is installedWn a lea/f-t^pe spring to 
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a. intreasenhe spring 1 strength. 

b. prevent excessive bouncing.!. 

c. permit changes in .spring JeHgth. 

d. hold the axle in alinemeht. 



5. 



Which part must be remoWfrom the M151 truck when replacing a 
differential side gear seal? 

a. Final drive assembly 

b. Universal joint flange 1 
c;. Wheel drive shaft .* ^ 
d. Brake backing plate * 

6. A sheared off spring center bolt is usually the result of 

a. * a bent frame. n * 

b. loose lug bolts. * 

c. a bent axle. 

d. loose U-bolts. ^ \ f 

7. If a rivet is found to be missing when inspecting a truck frame, what 
action should be taken at the organizational maintenance level? 

a. Install a grade 5 bolt of the proper size 

b. Install a new rivet 

c. Spot-weld, the area around the rivet hole 

d. Send the vehicle to support maintenance 
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8. A constant velocity universal joint is usqfcl with which jtype of -shaft 



a. Propeller 

b. Rear axle 

c. Winch g 
4. Front axle 




9. What secures the? front axle of ttie 2-1^2-ton tr^cr to the springs? 



a. Spring center bolts 

b. U-bolts 

c. Rebound clips 

d. Spring hanger 



10. Which type of final drive gearing 



permits the vehicle body tosbe located 



at the lowest possible center of gravity? 

0 

a. Spur bevel 

b. Hypoid 

c. Spiral bevel 

d. Worm 



11. .Which step should be taken first when removing ithe tire from a 
drop-center type wheel? 

a. Draw the outside bead over the edge of the rim 

b. Remove the inner tube from the tire 

c. Position the beads in the center of the rim 

d. Slide a tire iron between the bead and the rim 



\ 



12. What is the proper procedure for adjusting the front-wheel bearings on 
a 2-1/2-ton truck~M35A2? 

a. Torque the adjusting nut to 150 lb -ft 

b. Turn the adjusting nut until all play is removed 

c. Tighten the adjusting nut until grease is forced out of the outer 
bearing \ 

d. Turn the adjusting nut until the wheel binds, and then- back off 
i/8 turn of the nut \ 
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13. iOn the M151 truck, the coil spring insulator is installed in the 

a # body. 

b. crossmember, 

c # lower control arm, 
d. upper control arm, 

14. What is used on a tire bead and wheel rim to make mounting the tire 
easier? r m 

a # GAA grease 
b # Soap solution 

c. Brake fluid 
d # Vaseline 

• x 

15. What must be done BEFORE the front-wheel toe-in is measured on a 
1/4-ton truck M151? 

a. Vehicle weight must be removed from tires 

b. Steering gear must be properly adjusted 

c. Wheel dr ive shafts must be removed 

d # Wheel bearings must be properly adjusted 

16. What type of fastener is used to secure the universal joint of the 
front wheel drive shaft to the differential drive flange of an M151 
truck? 



a. Lock rings 

b # Hex-head studs 

c. Hollow head capscrews 

d. U -bolts 

17. During an inspection of a 2-1/2-ton truck you rind that the right side of 
the front axle has slipped to the rear. Which jpomponent, if defective, 
can cause this problem? 

a. Kingpin 

n. Steering knuckle 

c. Spring center bolt 

d. Backing plate flange 
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18. One of the troubleshooting tests performed on a 1/4-ton truck M151 
consists of stretching a string across the xront tires, even with the 
lower control arm pivots. What is determined by this test? 

a. If the vehicle leans to one side 

b # If the toe-in is correct 

c. If the wheels track 

d. If the toe -out is too much 

19. What statement about the shock absorbers pi an M151 truck is true ? 

a. They are interchangeable between front and rear 

b. The front ones are interchangeable between right and left 

c. They can be installed with either end up 

d. The front ones are identified by the mounting eyes on each end 

20. What wrench is used to tighten the bearing retaining nuts on the rear 
spring seat of a 2-1/2-ton truck M35A2? 




21. Which parts change the strength of a suspension system by changing the 
effective length of the springs? 

a. Auxiliary sprir s 

b. Trunnion axles 

c. Spring shackles 

d. Curved bearing plates 
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^Vl. The amount of wear on the M151 truck lower ball joint can oe checked 
with the use of a jack and a 

a. dial indicator. 

b. pry bar. 

c. caliper, . 

d. plumb bob. 

23. The brake hydraulic system of a 2~i/2-ton truck must be bled after 
removing and installing which part? 

a. Axle assembly 

b. Constant velocity joint 

c. Axle oil seal 

d. Steering knuckle boot 

24. What is the minimum number of bead clips needed to mount one tire on 
a rim? 

a. 2 

b. 6 
c 12 
d. 18 

25. Which is a suitable ? tool fo^enmyfng the inner wheel bearing cup from 
the M151 truck? 

a^ Brass drift 

b. Puller screw 

c. Pry bar 

d. Sharp chisel 

26. What is caused by too much air pressure in tires? 

a. Excessive wear in the center of the tire treads 

b. Cracks in the sidewalls of the tires 

c. Scuffing of tires on turns 

d. Gouges on the outer odges of tires 
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When an inspection of a universal joint reveals that all parts are goo 
except for a deep pit in the journal's bearing surface, which action 
ehould be taken? 



a* Replace the journal only 
b ? Replace the propeller shaft 

c. Install a universal joint parts kit 

d. Repair the journal 

A special tool is required to remove the fasteners that secure the front 
propeller shaft to the differential of the older M151 trucks. What tool 
is made for this purpose? 



a. 




c. 
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After tires have worn to a certain point they can be recapped and u*ed 
again. Some worn conditions make a tire unfit for recapping. Which 
tire is most suitable for recapping? 






What is used to lubricate the injector tool needle when probing the 
puncture in a tubeless tire? 

"\ 

a. \ Engine oil 

b. Bond component ^ 

c. Soapy water 

d. General purpose grease 

What is the first step in removing the v front axle shaft from 2-1/ 2-ton 
truck M35A2 ? / 

a. Place the transmission in gear 

b. Place the transmission in neutral 

c. Block tte wheels 60 the vehicle can't roll 

d. Jack up the axle and su Fw >rt 'he frame with blocks or jack stands 

63B206, E-8 



290 



\ 



32. Excessive wear on the Inside edge of front tires indicates improper 

a. operation of the vehicle. 

b. tire rotation procedures. 

c. wheel balance. a 

d. steering adjustments. ■ 

33. What component identifies a ball-and-trunnion type universal joint? 

a. Snapring 

b. Spider 

c. Needle bearing 
, d. Dust boot 

34. What component must be removed in order to remove a front spring 
from the 1/4-ton truck M151? ' . 

a. Differential flange guard . 

b. Upper control arm ball joint 

c. Shock absorber 

d. Tie rod end 

35. When removing a front axle shaft from a 2-1/2-ton truck M35A2, it is 
not necessary to remove the 

a. brake line. 

b. backing plate. 

c. steering spindle. 

d. outer bearing. 
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